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XPS
Universal High-Performance
Motion Controller/Driver

1.0 Introduction

This manual refers to the configuration of the XPS motion controller/driver to motors
and stages that are not included in the XPS general stage database, e.g. non-Newport
stages. The manual will present all possible configurations of the XPS controller with
regards to drive and control capabilities.

The XPS controller uses two configuration files, named “system.ini” and “stages.ini”.
The files are located in the “..\admin\config” folder of the XPS controller. These
configuration files are read during the booting of the controller. The “system.ini” file
specifies the system configuration and the configured motion groups. The “stages.ini”
file defines the parameters for all positioners. The aim of this manual is to provide a
better understanding of the drive and control capabilities of the XPS controller and
possible settings in the “stages.ini” file. It is important that users have a working
understanding of the structure of this file, because it may be necessary to make
modifications to the default parameters to access all features of the XPS controller. In
order to configure the XPS controller to drive non-Newport stages, it is important that
users have an in-depth understanding of this file and the meaning of the included
entries.

This manual is presented in the same sequence as users would enter data in the pages of
the configuration wizard web site tool. However, this order might not be most intuitive.
It is therefore recommended that users first have a good understanding of all required
settings before beginning any configuration.

In each section we provide a detailed definition of each parameter, the physical meaning
and one method to set it. Due to the many potential options for configuration, we can
not detail all strategies and methods. Especially for the definition of the tuning
parameters (PID, filters, etc.). Please refer to supporting literature for an in-depth
treatment of tuning.

QD Newport.
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IMPORTANT NOTE ABOUT THE UNITS

The XPS controller accepts any dimension for the position unit such as: mm, inch,
pm, deg, rad, etc. In this documentation, we use the generic term “unit” for the
position unit. This generic unit is carried forward into units that reference the
position unit, for example speed and acceleration would carry units such as: units/s
or units/s?. The physical dimension assignment of the position unit for closed-loop
systems is done by stage displacement per encoder count as part of the parameters
of the position encoder interface. For open-loop systems the physical dimension
assignment is done as part of the parameter settings for the driver command
interface examples include: stage displacement per motor full step or command
voltage at minimum target position. It is important to note that the position unit in
the configuration files will determine the values of all derived parameters. It is
important to note, as the choice of the position unit will impact most parameters.

Index on stage.ini File Parameters

To improve understanding, the names of parameters used in the website configuration
tool are more descriptive and therefore slightly different from the names used in the
XPS stages.ini configuration file. Thus, in each section we detail the names used by the
website configuration tool and the names used in the stages.ini configuration file.

At the end of this document we provide an index of the stages.ini file entries. Please use
this index when searching for documentation on specific entries in the stages.ini file.

EDHO0302En1041 — 09/15
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2.0 Web Site Description

The integrated assistant tool STAGE, Manual construction menu, accessible when
logged in as administrator, has been designed by Newport to help users configure the
XPS controller for motors and stages that are not included in the XPS general stage data
base, e.g. stages not manufactured by Newport. The tool generates a new entry in the
customer’s stage database, stages.ini, which is located in the “..\admin\config” folder of
the XPS controller.

To generate a new stage entry using the manual construction menu, two levels of
settings are defined.

e 1%level settings

These 6 settings define the skeleton of the configuration. They must be set in a fixed
sequence. The software updates dynamically and lists only those next options that are
compatible with the previous selections. This avoids configurations that are not
supported by the XPS controller. Once any of these settings is completed,it can no
longer be changed.

e 2" evel settings

There are numerous parameters to set for each 1% level setting. These 2™ level settings
can be done in any order and also modified later. However, a configuration can not be
completed until all settings are complete.

1%t Level Settings

QO N SYSTEM STAGE  CONTROLLER CONFIGURATION FRONT PANEL TERMINAL TUNING FUNCTIONALTESTS  DOC

Add from database Add custom stage Modify

Stage manual construction
Position servo loop type ‘313 with velocity output J
Driver command interface [velocity contral = |
Motor driver model [xPS-DRVD1 with tachometer feedback -1
Position encoder interface ‘ R5422 differential (AquadB) J
Limit sensors input plug | Driver board (limit +/- and home) = |
Home search process [ - Valid
QD Newport. S Spectra-Physics Solutions to: Make, Manage and Measure Light™
g S Ty o

Figure 1: 1st level settings of the XPS manual stage construction tool.

The 1% level settings outlined above define the skeleton for the configuration (see
Figure 1). These settings must be set in the same order as listed, which means starting
with the Position servo loop type, followed by Driver command interface, and so on.
These settings are presented in detail in chapters 3 and 4. The scroll down list for any of
the six settings appears only after all previous settings are done. For instance, the motor
drive model can only be specified when the position servo loop type and the driver
command interface have been defined. The software dynamically updates the scroll
down lists based on prior selections, to offer the correct settings for the determined
configuration. Only those options that are compatible with the previous choices are
presented.. This avoids configurations that are not supported by the XPS controller.
However, this tool cannot compensate for configurations that are not compatible with
the connected hardware, e.g. stages and external amplifiers (when using XPS-DRV00
drive).

Once any of the 1* level settings has been set, it can no longer be changed. To abort the
current configuration, click on the manual construction menu again.

QD Newport.
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When all six 1% level settings are done, click on Valid to apply the current choices.

Then, the 2" level settings become available (see Figure 2).

The type and sequence of these 1% level settings may not be intuitive for all users,
however this methodology is the only option that provides full access to all control
capabilities of the XPS controller while providing on-line updates to eliminate
impossible configurations.

The table below presents position servo loop type with driver command interface and
motor driver model according to stage configuration. This table presents the most
common motor types and feedback systems, but nevertheless is only a fraction of the
total drive and control capabilities of the XPS, and should not be considered exhaustive.

Stage configuration

Position servo loop type

Driver command interface

Motor driver model

DC motor <= 3A with encoder
and tachometer

PID with velocity output

Velocity control

XPS-DRVO01 with
tachometer feedback

DC motor <= 3A with encoder,
no tachometer

PID with motor voltage
output

Voltage control

XPS-DRVO01 without
tachometer feedback

DC motor <= 5A with encoder
and tachometer

PID with velocity output

Velocity control

XPS-DRVO03 with
tachometer feedback

DC motor <= 5A with encoder,
no tachometer

PID with acceleration output

Acceleration control

XPS-DRVO03 for
acceleration control

PID with motor voltage
output

Voltage control

XPS-DRVO03 for voltage
control

DC motor <= 1.58A with
encoder and tachometer

PID with velocity output

Velocity control

XPS-DRVO3H with
tachometer feedback

DC motor <= 1.58A with
encoder, no tachometer

PID with acceleration output

Acceleration control

XPS-DRVO3H for
acceleration control

PID with motor voltage
output

Voltage control

XPS-DRVO3H for voltage
control

DC motor > 5A with encoder
and tachometer

PID with velocity output

Velocity control

XPS-DRV00/XPS-DRVOOP
for external driver

DC motor > 5A with encoder, no
tachometer

PID with acceleration output

Acceleration control

XPS-DRV00/XPS-DRVOOP
for external driver

PID with motor voltage
output

Voltage control

XPS-DRV00/XPS-DRVOOP
for external driver

EDHO0302En1041 — 09/15
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Stage configuration

Position servo loop type

Driver command interface

Motor driver model

Stepper motor <= 3A with
encoder

PI with position output

Sine/cosine position control

XPS-DRVO1 for stepper motor

Stepper motor <= 3A without
encoder

No servo loop with position
output

Sine/cosine position control

XPS-DRVO01 for stepper motor

Stepper motor > 3A
with encoder

PI with position output

Sine/cosine position control

XPS-DRV00/XPS-DRVOOP
for external driver

Stepper motor > 3A without
encoder

No servo loop with position
output

Sine/cosine position control

XPS-DRV00/XPS-DRVOOP
for external driver

Stepper motor > 3A with
encoder

PI with position output

Pulse/Direction or Pulse+/Pulse-
position control

XPS-DRVOOP for external
driver

Stepper motor > 3A without
encoder

No servo loop with position
output

Pulse/Direction or Pulse+/Pulse-
position control

XPS-DRVOOP for external
driver

Lincar/brushless 120 deg UV phase acceleration

motor <= 5A, double command | PID with acceleration output g P XPS-DRVO02

. o . control

input 120° UV phase driver

Linear/brushless .

motor <= 7A, double command | PID with acceleration output 120 deg UV phase acceleration XPS-DRV02P

input 120° UV phase driver

control

Linear/brushless
motor <= 5A, single command
input driver

PID with acceleration output

Acceleration control

XPS-DRV00/XPS-DRVOOP
for external driver

Linear/brushless motor

<= 5A, double command input
(60° or 90° UV phase) driver

PID with acceleration output

Acceleration control
- 60 deg UV phase
- 90 deg UV phase

XPS-DRV00/XPS-DRVOOP
for external driver

Acceleration control

Linear/brushless PID with acceleration outout | 00 Gc8 UV phase XPS-DRV00/XPS-
motor > 5A P -90 deg UV phase DRVOOP for external driver
- 120 deg UV phase
Table 1: XPS I* level settings for the most common motor types and feedback systems
QD Newport.
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2" I evel Settings

QS R SYSTEM STAGE CONTROLLER CONFIGURATION  FRONTPANEL TERMINAL TUNING FUNCTIONAL TESTS  DoOCU

Add from database Add custom stage Modify

Stage manual construction

Position servo loop type |=ID with velocity output \ Parameters (*)
Driver command interface [velocity contrel | Parameters (*)

Motor driver model [xe with tachometer feedback | Parameters.

Position encoder interface |=£ 2 differential (AquadB) \ Parameters ()

Limit sensors input plug [oriver board (limit +/- and home) | Parameters (*)

Home search process [Mechanical zero and index | Parameters (*)
__save |

(*) All fields in the parameters page are required.

Q> W S spectra-Physics Solutions to: Make, Manage and Measure Light:*
e b T —

Figure 2: 2nd level settings of the XPS manual stage construction tool

The 2" level settings define all details of the configuration. These settings can be done
in any order and changed at any time. To access the 2™ level settings, click on the
parameters* button. A new page opens prompting the settings for the parameter setting
(see Figure 3 and Figure 4 for example). The type and number of settings in each of
these screens will depend on the first level setting. Define all settings and press the valid
button to apply them. This gets you back to the previous page. When all parameters are
set in any of the sub-pages the font color of the parameters button changes from red to
black and the asterisk (*) disappears.

('\q) R t SYSTEM STAGE CONTROLLER CONFIGURATION FRONT PANEL TERMINAL TUNING FUNCTIONAL TES|

Add from database Add custom stage Modify

Motor driver parameters

Pulse width modulation frequency (kHz) |5IJ j
Velocity servo loop proportional gain |9 j
Tachometer gain (per cent) | 100 j

QD Newport. S specira-Physics Solutions to: Make, Manage and Maasura Light:"
ol e sl

Figure 3: Example for the motor driver parameters page.
The number and type of parameter depends on the settings for the motor driver model
(XPS-DRVO01 in this case).

QD Newport.
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SYSTEM STAGE CONTROLLER CONFIGURATION FRONT PANEL TERMINAL TUNING FUNCTIONAL TES|

QD Riewport.

Add from database Add custom stage Modify

Position encoder parameters

Stage displacement per encoder count (units) |0.001
Linear correction (ppm) |D
Encoder index offset (units) |0
Stage backlash (units) |0
Gathering velocity filter cut-off frequency (Hz) |100

Gathering acceleration filter cut-off frequency (Hz) |100

QD Rewport. & spectra-Physics Solutions to: Make, Manage and Measure Light™
Erparence 5ok A v N e

Figure 4: Example for the position encoder parameters page.
The number and type of parameters depends on the settings for the position encoder
interface (RS422 differential (AquadB) in this case).

When all 2™ level settings are done, the Save button becomes available (see Figure 5).

SYSTEM STAGE CONTROLLER CONFIGURATION FRONT PANEL TERMINAL TUNING FUNCTIONAL TESTS

D Rlewwport.

Add from database Add custom stage Modify

Stage manual construction

Position servo loop type \ PID with output | Parameters

Driver command interface [w ty control | Parameters

Motor driver model | %PS-DRVOL with tachometer feedback | Parameters

Position encoder interface \ RS422 differential (AquadB) | Parameters

Limit sensors input plug \ Driver board (limit +/- and home) | Parameters

Home search process \Me:l‘a\‘\:al zero and index | Parameters
Save

(*] All fields in the parameters page are required.

Solutions to: Make, Manage and Measurs Light™

Figure 5: When all 2nd level settings are done, the “Save” button becomes available.

When the “Save” button is pressed, a new dialog box appears (see Figure 6) and
prompts the user to specify a stage name.

Invite utilisateur de Internet Explorer E

Invite de script
Mew stage name :
Annuler

Figure 6: Stage name is now required.

Pressing the “OK” button saves the new stage configuration into the “stages.ini” file
under the name “UserStageName”.

NOTE

During completion, do NOT click on any button as there is the risk of losing all
information in the current configuration.

QD Newport.
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3.0 Position Servo Loop Type

Profiler /
Trajectory
generator

3.1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

— i
e - PID o : : " < s
¢ Setpoint | AT Filtering & { Voltage to /Driver power ",
‘l‘_ Position ‘ T correc?or + ! Limitation the drivet‘ ‘_ tostage
o calculations S S e N e

i

1

The XPS controller supports 5 different position servo loops:
e PID with a velocity output (primarily used for DC motors with tachometer)
e PID with a motor voltage output (primarily used for DC motors without tachometer)

e PID with an acceleration output (primarily used for linear/brushless and torque
motors)

e PI with a position output (primarily used for stepper motors with encoder)

e No servo loop with a position output (primarily used for stepper motors without
encoder or to control other motion devices like piezoelectric stages or galvanometric
scanners via external amplifiers that feature an analog position input)

All position servo loops have the same structure (cf. Figure 7). The position servo loop
compares the SetpointPosition (defined by the profile generator and the group mapping)
with the CurrentPosition (reported by the positioner's encoder), to determine the
following error. The position servo loop then outputs a value that the controller uses to
maintain, increase or decrease the output applied to the driver. The adjustment of the
position servo loop parameters allows the user to optimize the performance of their
system by increasing or decreasing the responsiveness of the feedback loop.

e FeedForward \-‘.
N imput /

Feedback from |
the encoder

Figure 7: General schematic of a positioner servo loop

PID with a Velocity Output
Stages.ini file entry: CorrectorType = PIDFFVelocity

This servo loop type is used when a constant value applied to the driver results in
constant velocity of the stage, for instance a DC motor with tachometer connected to a
driver with internal speed loop.

This servo loop type features a parallel PID servo loop with a feed forward velocity and
two notch filters.

SetPaint o
w. Velocity S -

-

e

KFeadFarwardWelocity

o T
" BetPoint ™

- F'ns.ilil:-'.l 1

",

EDHO0302En1041 — 09/15

Oy M0 Comecsor T Fittaring & - - _. R
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] ] 4 BSmge
A Fam
\heencoder J -
Figure 8: PIDFFVelocity corrector.
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3.1.1 Feed Forward and PID Parameters
Needed entries in the configuration file:
e PID servo loop proportional gain: KP
e PID servo loop integral gain: K/
e PID servo loop derivative gain: KD
e PID integral saturation value: KS
e PID integration time: IntegrationTime
e PID derivative filter cut off frequency: Derivative CutOffFrequency
o velocity feedforward gain: KFeedForwardVelocity

The PID servo loop parameters KP, KI, KD and KFeedForwardVelocity define the
bandwidth of the servo loop. They must be greater than or equal to zero.

The PID integral saturation value KS sets the limit of the integral part of the PID servo
loop that is applied to the total servo loop output. The value for KS must be between 0
and 1.

The PID IntegrationTime (seconds) defines the time span for integration of the residual
errors. A small value limits the effect of the integral gain K/. The value in seconds must
be greater than or equal to the servo loop period (125 ps).

The PID DerivativeFilterCutOffFrequency (Hz) sets the cut-off frequency of the
derivative filter. It can be used to reduce the noise introduced by the numerical
derivation of the following error. It must be greater than or equal to zero (zero means
filter is disabled) and less than or equal to half of the servo loop frequency (8 kHz).

All parameters will have an impact on system performance and should be set together.
It should be noted that parameters are best set for desired performance according the
requirements of the motion application (small following error during motion, short
settling time after a displacement...). This document will present context specific
information on setting PID parameters, but is not intended to be a tutorial on servo
loops. Please refer to the common literature for a general treatment of servo loops.

Choice: PI servo loop (Kd = 0)

C(p): KP+ KT , where p is the Laplace variable.
Mechanical transfer function: H(p): 1
px(r,xp+1)

where 7 is the time constant of the velocity transfer function (s) (cf. § 5.1.2)

Assumption

The position closed loop resonance time constant 7, is much greater than 7. This
allows disregarding the velocity servo loop transfer function. By experience, T » is
about 10-20 ms for most screw driven stages and 7, / T, ranges between 10 and 20.

The damping factor of the closed loop é’ is set to é’ =1.25 to avoid overshoots, see
closed transfer function numerator.
1

Notice: g—=_— ~
2xxaxf

QD Newport.

Experienca | Sobutions

9 EDHO0302En1041 — 09/15



XPS-Q8

Configuration Wizard Documentation

PID Parameters

By taken into account that z, >> T, the closed loop transfer function is:

KpP
Exp+l
T
@) = L+ X pn1
KT d K1 P
2xgxr, xp+l

-]
2 2
T,xp +2xgxe, xp+l

This results in:

e Closed loop cut off frequency: g, _ \/”2"42 + Vﬁ+2x¢""j +1

2xwXT,

e PID servo loop proportional gain: KP = 2xg _ 15625 with 7, =16ms

*p

* PID servo loop integral gain: gy TLZ — 300625 With T, =16ms
I

e PID servo loop derivative gain: g =0

e PID integral saturation value: default §§—0.8

e PID integration time: IntegrationTime = 1e®s (full integration)

e PID derivative filter cut off frequency: DerivativeCutOffFrequency = 0 (disabled)

e velocity feedforward gain: KFeedForwardVelocity =1

e Variable PID parameters

Variable PID Parameters

Needed entries in the configuration file:

e Variable PID proportional gain multiplier: GKP GKP
e Variable PID integral gain multiplier: GKI

e Variable PID derivative gain multiplier: GKD

e Variable PID form coefficient: Kform

In addition to the classical gains of the PID servo loop, the XPS controller PID position
servo loop features variable gain factors GKP, GKD, and GKI. These gains can be used
to reduce settling times of systems exhibiting non-uniform mechanical behavior or to
tighten the servo loop during the final segment of a move. For example, a stage with a
high level of friction will have a response dependent on the size of the move: friction is
negligible for a large move, but becomes a predominant factor for small moves. For this
reason, the required response of the system to reach the commanded position is not the
same for small and large moves. The optimum values of PID parameters for small
moves are often higher than the optimum values for large moves. Users that do not want
to set individual PID gains for different size motions can benefit from the variable use
of PID gains. Variable gains are driven by the distance between the target position and
the current position. They must be greater than —1.

The parameter PID form coefficient value Kform (units) defines the relationship
between the distance to the target and the change of the PID gains:

Ke=|1+GKxx _ Korm x Kx
‘Targetl’omhon - CurrentPositian‘ + Kform

It must be greater than or equal to zero.

EDHO0302En1041 — 09/15
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The smaller the variable PID form coefficient value the sharper is the change of the PID

gains.
Gip=10 Kp=2
Targel Fositiocn =10
Encoder Position = -100 to 100
o N Klomn .
K @i, Evceder Postien = E1 +E6K-| | Target Position - Encoder Positicn | + Kiom || ke
. |+ GEp|. 4g
kL] T T T
a0
Iy
— E3 ¢t Enewdw Pusitivn] 15 I,J i
L]
# %
= = = B2 o Enzodr Posizonl v L |I a .
- E -
E-___-—";_’//l\‘ e o
i} 1 1
100 51 L 3 1m
Eneiddae Puos itos

Figure 9: Influence of variable gains.

The default value for these parameters is 0, which disables variable gains.

3.1.3 Position Servo Loop Status
Stages.ini file entry: ClosedLoopStatus

The position servo loop status parameter sets the position servo loop either to open loop
i.e. without feedback from a position encoder, or to closed loop, i.e. with feedback from
a position encoder.

Setpoint . Setpoint o
Commnands Gain T Motorized Commands | A Motorized
— » stage o stage
- .
Curent Feedback from "
Values the encoder
Open loop Closed loop

Figure 10: Open and closed loop.

The default value for this parameter is closed.

QD Newport.
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3.1.5

Fatal Following Error
Stages.ini file entry: FatalFollowingError

The value for the fatal following error sets the maximum allowed following error of the
positioner before generating an error response from the controller. This error is defined
as the absolute value of the difference between the setpoint position and the current
position. This value is calculated each servo cycle. A following error that exceeds this
value will generate the corresponding error code and action. It must be greater than
Zero.

/ Setpoint
I‘\ Position /
. o

Figure 10: Following error.

Servo Loop Dead Band Threshold
Stages.ini file entry: DeadBandThreshold

The servo loop dead band threshold sets the dead band value of the position control
loop. When set to a value other than zero, the position loop is disabled when the
following error is less than the value for the dead band threshold AND the theoretical
motion is done. In some cases, this can avoid oscillations of stages with backlash or
friction. It can also reduce stage settling times, but may result in a residual error from
the target position. It must be greater than or equal to zero.

At this time the servo
Position 1 servo loop is disabled
Fy A0
: I\ Deadband threshold
7 e y
v . i T
Setpoint L ! ; 4 N
Position . / i / -
SR DRSS AN DS LS Y
k [ r ;‘.
| U

/ Theortical
motion done

A

Figure 11: Deadband threshold.

The default value for this parameter is 0, which disables this feature.

EDHO0302En1041 — 09/15
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QD Newport.

3.1.6

3.1.7

Notch Filters Parameters
Needed entries in the configuration file:

o first and second notch filter center frequency: NotchFrequencyl and
NotchFrequency?2

e first and second notch filter bandwidth: NotchBandWidthl and NotchBandWidth2
o first and second notch filter gain: NotchGainl and NotchGain?2

The output of the position servo loop is filtered by two notch filters. They can be used
to avoid the excitation of specific frequencies. They are defined by their center
frequencies NotchFrequency<n°> (Hz), bandwidths NotchBandwidth<n°> (Hz) and
gains NotchGain<n°>. The frequencies and bandwidths must be greater than or equal to
zero (filter disabled) and less than or equal to half of the servo loop frequency (8 kHz).
The gain must be greater than or equal to zero.

Noich bandwidths

40

_'_._—::b:h;""“-—

h gain = 20log(0.1)=-20

Notch gain =20log(0.01)=-40
~

.
___________________________ ~ Notch frequencies

e mm o m -

100 200 300 400 500 600 700 800 900 1000
— Withoutnotch Frequency (Hz)
—— With notch

Figure 13: Notch filters.

The default value for these parameters is 0, which disables the filters.

Motion done condition mode
Stages.ini file entry: MotionDoneMode

The motion done condition mode defines when a motion is completed. When set to
theoretical motion end, a motion is completed as defined by the profiler. It does not take
into account the settling of the positioner at the end of the move. Therefore, depending
on the precision and stability requirements at the end of the move, the theoretical end of
a motion might not be always the same as the physical end of a motion. The setting
position and velocity checking allows a more precise definition of the motion done by
conditioning the motion completion to a number of parameters that take the settling of
the positioner into account.

For more detailed information about this feature, please refer to the XPS Motion
Tutorial, chapter “Motion/Motion Done”.

The default value for this parameter is theoretical motion end.
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3.2

3.21

PID with a Motor Voltage Output
Stages.ini file entry: CorrectorType = PIDDualFFVoltage

This servo loop type is used when the position servo loop directly drives the voltage
applied to the motor, for instance a DC motor without tachometer connected to a
voltage amplifier.
/7~ SetPoint ™
Ecosleraton/

L
L=

KFeedForwardAcceleration

-

Friction

(’ “Setboint ™ 5

g Velocity)/
KFeedForwardVelocity
r/ V"S’etP_Qil’lE‘\
\._Position _/
Y R Y -
Y PIDC R iteri T
(% s PDCorector, o [, g | Fitering& |_5 oo griver) L
"/ Calculations \__/ Limitation N % s

- — \\ Driver Board
o /| &Stage
A7 From N )

\the encoder / <Lr»/

Figure 12: PIDDualFFVoltage corrector.

This servo loop type features a parallel PID servo loop with feed forwards for velocity
and acceleration, and two notch filters.

Dual Feed Forward PID Parameters

Needed entries in the configuration file:

e PID servo loop proportional gain: KP

e PID servo loop integral gain: K/

e PID servo loop derivative gain: KD

e PID integral saturation value: KS

e PID integration time: IntegrationTime

e PID derivative filter cut off frequency: Derivative CutOffFrequency
e Velocity feedforward gain: KFeedForwardVelocity

e acceleration feedforward gain: KFeedForwardAcceleration

o velocity feedforward gain in open loop: KFeedForwardVelocityOpenLoop

The PID servo loop parameters KP, KI, KD, KFeedForwardVelocity and
FeedForwardAcceleration define the bandwidth of the servo loop. They must be greater
than or equal to zero.

The PID integral saturation value KS sets the limit of the integral part of the PID servo
loop that is applied to the total servo loop output. The value for KS must be between 0
and 1.

The PID IntegrationTime (seconds) defines the time span for integration of the residual
errors. A small value limits the effect of the integral gain K/. It must be greater than or
equal to the servo loop period (125 ps).

The PID DerivativeFilterCutOffFrequency (Hz) sets the cut-off frequency of the
derivative filter. It can be used to reduce the noise introduced by the numerical
derivation of the following error. It must be greater than or equal to zero (zero means
filter is disabled) and less than or equal to half of the servo loop frequency (8 kHz).

EDHO0302En1041 — 09/15
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As the output of the position servo loop is neither velocity nor acceleration, individual
feed forwards for the velocity and for the acceleration can be set. The
KFeedForwardVelocityOpenLoop is only used when the position servo loop is in open
loop.

All parameters will have an impact on system performance and should be set together.
It should be noted that parameters are best set for desired performance according the
requirements of the motion application (small following error during trajectory motion,
short settling time after a displacement, ...). This document will present context specific
information on setting PID parameters, but is not intended to be a tutorial on servo
loops. Please refer to the common literature for a general treatment of servo loops.

Choice: PID servo loop

C(p):KPJrEJr KDx p %KPJrﬁJrKDxp, where p is the Laplace variable.
p l,xptl) 2

Mechanical transfer function: Hp)- 1
px60xGx Kvx (’r_ xp +1)

Where:  (: ratio between motor rotation and stage displacement (revolution/units)

Kv: motor voltage constant (V/rpm)

_ Rw %J : stage mechanical time constant (s)

T
K

Where: g : motor winding resistance per phase (€2)

J total inertia on the motor axis (kg.m?) (cf. § 5.1.2 for detail)
K. motor torque constant (N.m/A)

Assumptions
e Position closed loop time constants (real and resonance): T, =17, (s) is between 8 ms
and 16 ms (10 Hz and 20 Hz) depending on the first mechanical resonance.

e The damping factor of the closed loop to avoid overshoots (see closed transfer
function numerator) is: ¢ =125

Notice: . _ 1
2xax f

PID parameters:

The closed loop transfer function is:

KpP
xpt +Exp+1

() K

-]
60xGxKvxr, 4 (KD 60xGxKy
— T R
KI Kr KI

x p’ +KP xp+l
K7
z
[2x§x'r, XT, +12 '.r,x:rz}(pz +( +2xExTy )x ptl
T_

(z, xp+l)x&22 xp® +2x¢xT, +1)
Identification with (g, x p +1)x (r: x p' +2x¢ %, +1: results in:

~

e PID servo loop proportional gain: gp _ (5, + 2x¢ x7, X 60x GxKvx7,
2
T, XT,

e PID servo loop integral gain: gz _ 60xGx Kvxz,
T, XT;

e PID servo loop derivative gain: g, _ (Zxc_,”xrl X7, +Tzz)‘f,. -5 xTzz)‘ﬁ()XGXKV
2z
7, X7,

e PID integral saturation value: default §§—0.8

15 EDHO0302En1041 — 09/15



XPS-Q8

Configuration Wizard Documentation

3.2.2

 PID integration time: IntegrationTime — 1e*s (full integration)

e PID derivative filter cut off frequency: DerivativeCutOfffrequency — S000[z
(maximum)

e velocity feedforward gain: KFeedForwardVelocity = 60 x Gx Kv

R xJ

e acceleration feedforward gain: grecdForwardAccderation —

e velocity feedforward gain in open loop: KFeedForwardVelocityOpenLoop =60 x G x Kv

Variable PID parameters

Needed entries in the configuration file:

e variable PID proportional gain multiplier: GKP
e variable PID integral gain multiplier: GKI

e variable PID derivative gain multiplier: GKD

e variable PID form coefficient: Kform

In addition to the classical gains of the PID servo loop, the XPS controller PID position
servo loop features variable gain factors GKP, GKD, and GKI. These gains can be used
to reduce settling times of systems exhibiting non-uniform behavior or to tighten the
servo loop during the final segment of a move. For example, a stage with a high level of
friction will have a response which is dependant on the size of the move: friction is
negligible for a large move, but becomes a predominant factor for small moves. For this
reason, the required response of the system to reach the commanded position is not the
same for small and large moves. The optimum values of PID parameters for small
moves are often higher than the optimum values for large moves. Users that do not want
to set individual PID gains for different size motions can benefit from variable PID
gains. Variable gains are driven by the distance between the target position and the
current position. They must be greater than -1.

The parameter PID form coefficient value Kform (units) defines the relationship
between the distance to the target and the change of the PID gains:

Kx=|1+Gkxx _ Kform x Kx
‘TargetPosmon - C’wremPositian‘ + Kform

It must be greater than or equal to zero.
The smaller the variable PID form coefficient value is, the sharper the change of the
PID gains.

Gap =10 kp=2
Targel Position =0
Emcoder Posilon = -100 to 103

KB g iim, Exceder Postizn] = E1 +EE

A Ko || K
i | Targel Position - Encoder Pesition | + Kfom

1+ GEpl- i

—— K3 i, Encudw Fusition| 15 I,J L
L]
2 ’
= = = K2 Enzoder Posizonl 0 #

|| \

L.

LN

—I—)-”'/lJ --_‘—l— T
1 1

o 51 O 58 10

Encodes Pos ikoa

— =T
N
—

[1]

Figure 13: Influence of variable gains.
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3.2.3

Open loop

3.24

3.2.5

. Motorized
.
stage

The default value for these parameters is 0 which disables the variable gains.

Position Servo Loop Status
Stages.ini file entry: ClosedLoopStatus

The position servo loop status parameter sets the position servo loop either to open loop
i.e. without feedback of a position encoder, or to closed loop, i.e. with feedback from a
position encoder.

Setpoint

Commands ;@5

Current
Values

Motorized
[ Comaor |
stage

Feedback from
the encoder

Closed loop

Figure 14: Open and closed loop.

The default value for this parameter is closed.

Fatal Following Error
Stages.ini file entry: FatalFollowingError

The value for the fatal following error sets the maximum allowed following error of the
positioner before generating an error response from the controller. This error is defined
as the absolute value of the difference between the setpoint position and the current
position. This value is calculated each servo cycle. A following error that exceeds this
value will generate the corresponding error code and action. It must be greater than
zZero.

‘/ Setpoint

r N

N 7 [Folowing

DS e el
3 ’

‘_r/ Current .

. Position |

Figure 15: Following error.

Servo Loop Dead Band Threshold
Stages.ini file entry: DeadBandThreshold

The servo loop dead band threshold sets the dead band value of the position loop. When
set to a value other than zero, the position loop is disabled when the following error is
less than the value for the dead band threshold AND the theoretical motion is done. In
some cases, this can avoid oscillations of stages with backlash or friction. It can also
reduce stage settling times, but may result in residual error from the target position. It
must be greater than or equal to zero.

QD Newport.
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3.2.6

3.2.7

At this time the servo

Position ﬂ ! servo loop is disabled
3 .
i A Deadband threshold
K .‘"‘ l*. Iy F s
Setpoint i \ | / o 7.
Position ¥ : — -
; b £ +
N T IR | T
HE / [
d ' i ! L
i N
/ Theoretical
/ motion done
/
Time

Figure 16: Deadband threshold.

The default value for this parameter is 0, which disables this feature.

Notch Filters Parameters

Needed entries in the configuration file:

o first and second notch filter center frequency: NotchFrequencyl and NotchFrequenc
y2

e first and second notch filter bandwidth: NotchBandWidthl and NotchBandWidth2

o first and second notch filter gain: NotchGainl and NotchGain2

The output of the position servo loop is filtered by two notch filters. These filters can be
used to avoid the excitation of specific frequencies. They are defined by their center
frequencies NotchFrequency<n°> (Hz), bandwidths NotchBandwidth<n°> (Hz) and
their gains NotchGain<n°>. The frequencies and bandwidths must be greater than or
equal to zero (filter disabled) and less than or equal to half of the servo loop frequency
(8 kHz). The gain must be greater than or equal to zero.

Noich bandwidths

BODE : Gain

40

/’ INot¢h gain = 20l0g(0.1)=-20
v _

Ndlch gain =201og(0.01) =40 .
Ay

___________________________ ~Notch fequencies

R

100 200 300 400 500 600 700 800 900 1000
____ Withoutnoteh Frequency (Hz)
—— With notch

Figure 17: Notch filters.

The default value for these parameters is 0, which disables the filters.

Friction Compensation
Stages.ini file entry: Friction

The friction compensation can be used to compensate for friction of stages during
motion. When set to a value other than zero, the friction parameter defines a voltage
applied directly to the motor consistent with the direction of motion.

The default value for this parameter is 0, which disables this feature.
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Displacement of -50 mm

FRICTION

Voltage (V)

250 450 650 850 1050 1250 1450

Time (ms)

ithout friction tion = 10

3.2.8 Motion Done Condition Mode
Stages.ini file entry: MotionDoneMode

The motion done condition mode defines when a motion is completed. When set to
theoretical motion end, a motion is completed as defined by the profiler. It does not take
into account the settling of the positioner at the end of the move. Therefore, depending
on the precision and stability requirements at the end of the move, the theoretical end of
a motion might not be always the same as the physical end of a motion. The setting
position and velocity checking allows a more precise definition of the motion done by
conditioning the motion completion to a number of parameters that take the settling of
the positioner into account.

For more detailed information about this feature, please refer to the XPS Motion
Tutorial, chapter “Motion/Motion Done”.

The default value for this parameter is theoretical motion end.

33 PID with an Acceleration Output
Stages.ini file entry: CorrectorType = PIDFFAcceleration

This servo loop type is used when a constant value applied to the driver results in a
constant acceleration of the stage.

r.""ﬂullsoinl"" \ T

A eleration *
KFeadFarwardbz celaration

o TatPeint

I\\_l Positicn _/’—}

g PID Comocter |y " Filtaring & - ~ ~
J Calculations LT — Lmsieilan —_— 'If| |""‘|Ill.r\=.'r/.

I
i - T -".. Drivar Beard

. | 8 Srage
T Fram T, A
\ the encoder / el

Figure 18: PIDFFAcceleration corrector.

This servo loop type features a parallel PID servo loop with feedforward acceleration
and two notch filters.
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3.3.1 Feed Forward PID Parameters
Needed entries in the configuration file:
e PID servo loop proportional gain: KP
e PID servo loop integral gain: K/
e PID servo loop derivative gain: KD
e PID integral saturation value: KS
e PID integration time: IntegrationTime
e PID derivative filter cut off frequency: Derivative CutOffFrequency
e Acceleration feedforward gain: KFeedForwardAcceleration
o Jerk feedforward gain: KFeedForwardJerk

The PID servo loop parameters KP, KI, KD and KFeedForwardAcceleration,
KFeedForwardJerk define the bandwidth of the servo loop. They must be greater than
or equal to zero.

The PID integral saturation value KS sets the limit of the integral part of the PID servo
loop that is applied to the total servo loop output. The KS parameter must be between 0
and 1.

The PID IntegrationTime (seconds) defines the time span for integration of the residual
errors. A small value limits the effect of the integral gain K/. It must be greater than or
equal to the servo loop period (125 ps).

The PID DerivativeFilterCutOffFrequency (Hz) sets the cut-off frequency of the
derivative filter. It can be used to reduce the noise introduced by the numerical
derivation of the following error. It must be greater than or equal to zero (zero means
filter is disabled) and less than or equal to half of the servo loop frequency (8 kHz).

All parameters will have an impact on system performance and should be set together.
It should be noted that parameters are best set for desired performance according the
requirements of the motion application (small following error during trajectory motion,
short settling time after a displacement, ...). This document will present context specific
information on setting PID parameters, but is not intended to be a tutorial on servo
loops. Please refer to the common literature for a general treatment of servo loops.

Choice: PID Servo Loop

C(p):KPJrEJr KDx p %KPJFEJFKDXP, where p is the Laplace variable
p lixptl) 2

Mechanical transfer function: H(p): 1 (driver transfer function disregarded)
z

Assumptions:

e Position closed loop time constants (real and resonance), 7, =1, (s) is between 4 ms
and 8 ms (20 Hz and 40 Hz) depending on the first mechanical resonance.

e The damping factor of the closed loop to avoid overshoots (see closed transfer
function numerator) is: ¢ =125

1

Notice: g—_— ~
2xx f
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3.3.2

PID parameters:

The closed loop transfer function is:

KD , KP
—xp t+—xp+l
K7 K7
1(p) =
1 _, XD , KP
—xp +—xp +Exp+l
R‘éigxr,x'rz+r§)(p2+(rl+2x§x'rz)xP+l
(Tlxp+l)x&22xp2+2x§xrz+l)
Identification with (g, x p +1)x (r: x p' +2x¢ %, +1: results in:

* PID servo loop proportional gain: zp _ % +2x¢2x Ty 145 With 7, =7, =5ms
T, XT;

* PID servo loop integral gain: g7 _ 1 _ g With 7, =17, =5ms
z
T, X T,

e PID servo loop derivative gain: KD — 2xgxT X ':2 +T, 7 with 7, =17, = 5ms
T, X T,

e PID integral saturation value: default §§—0.8

e PID integration time: IntegrationTime = 1e®s (full integration)

e PID derivative filter cut off frequency: DerivativeCutOffFrequency = 500011z
(maximum)

e acceleration feedforward gain: KFeedForwardAcceleration =1

Variable PID Parameters

Needed entries in the configuration file:

e variable PID proportional gain multiplier: GKP
e variable PID integral gain multiplier: GK/

e variable PID derivative gain multiplier: GKD

e variable PID form coefficient: Kform

In addition to the classical gains of the PID servo loop, the XPS controller PID position
servo loop features variable gain factors GKP, GKD, and GKI. These gains can be used
to reduce settling times of systems exhibiting non-uniform behavior or to tighten the
servo loop during the final segment of a move. For example, a stage with a high level of
friction will have a response which is dependant on the size of the move: friction is
negligible for a large move, but becomes a predominant factor for small moves. For this
reason, the required response of the system to reach the commanded position is not the
same for small and large moves. The optimum values of PID parameters for small
moves are often higher than the optimum values for large moves. Users that do not want
to set individual PID gains for different size motions can benefit from the use of
variable PID gains. Variable gains are driven by the distance between the target position
and the current position. They must be greater than -1.

The parameter PID form coefficient value Kform (units) defines the relationship
between the distance to the target and the change of the PID gains:

Ke=|1+GKxx _ Kform x Kx
‘Targetl)omhon - CurrentPositian‘ + Kform

It must be greater than or equal to zero.

The smaller the variable PID form coefficient value is, the sharper is the change of the
PID gains.
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Figure 19: Influence of variable gains.

The default setting for these parameters is 0 which disables the variable gains.

Position servo loop status
Stages.ini file entry: ClosedLoopStatus

The position servo loop status parameter sets the position servo loop either to open loop
i.e. without feedback of a position encoder, or to closed loop, i.e. with feedback from a

Open loop

Feedback from
the encoder

Closed loop

e

position encoder.
- Sctpoint
Gain. . Motorized Commands AV Motorized
/ - stage N stage
Cumrent

Values

3.34

Figure 20: Open and closed loop.

The default value for this parameter is closed.

Fatal Following Error
Stages.ini file entry: FatalFollowingError

The value for the fatal following error sets the maximum allowed following error of the
positioner before generating an error response from the controller. This error is defined
as the absolute value of the difference between the setpoint position and the current
position. This value is calculated each servo cycle. A following error that exceeds this
value will generate the corresponding error code and action. It must be greater than
zZero.

7 Setpoint ™,

! Position
ANV 7~ |Followng
l'\//_</ L Error| y

- i o

/ Carrent ™

. Position /

\_\__ -

Figure 21: Following error.

EDHO0302En1041 — 09/15

QD Newport.

Experienca | Sobutions

22



XPS-Q8

Configuration Wizard Documentation

QD Newport.

3.3.5

3.3.6

Servo Loop Dead Band Threshold
Stages.ini file entry: DeadBandThreshold

The servo loop dead band threshold sets the dead band value of the position loop. When
set to a value other than zero, the position loop is disabled when the following error is
less than the value for the dead band threshold AND the theoretical motion is done. In
some cases, this can avoid oscillations of stages with backlash or friction. It can also
reduce stage settling times, but may result in residual error from the target position. It
must be greater than or equal to zero.

At this time the servo

Position . /"™ | servo loop is disabled

A

Setpoint
Position

\ 7 Deadband threshold

[

Theortical
/ motion done

Figure 22: Deadband threshold.

The default value for this parameter is 0, which disables this feature.

Notch filters parameters
Needed entries in the configuration file:

o first and second notch filter center frequency: NotchFrequencyl and
NotchFrequency?2

e first and second notch filter bandwidth: NotchBandWidthl and NotchBandWidth2
o first and second notch filter gain: NotchGainl and NotchGain2

The output of the position servo loop is filtered by two notch filters. These filters can be
used to avoid the excitation of specific frequencies. They are defined by their center
frequencies NotchFrequency<n°> (Hz), bandwidths NotchBandwidth<n°> (Hz) and
gains NotchGain<n°>. The frequencies and bandwidths must be greater than or equal to
zero (filter disabled) and less than or equal to half of the servo loop frequency (8 kHz).
The gain must be greater than or equal to zero.

Noich bandwidihs

40

(’J——‘—v‘kﬁ'ﬁ;—‘—-‘
h gain=20log(0.1)=-20

20

Gain (dB)

Notch gain = 201og{0.01) =-40 .
~

........................... wNotch frequencies

0 100 200 300 400 500 &00 700 200 00 1000

— Withoutnotch Frequency (Hz)
—— With motch

Figure 25: Notch filters.

The default value for these parameters is 0, which disables this feature.
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3.3.7

3.4

Motion Done Condition Mode
Stages.ini file entry: MotionDoneMode

The motion done condition mode defines when a motion is completed. When set to
theoretical motion end, a motion is completed as defined by the profiler. It does not take
into account the settling of the positioner at the end of the move. Therefore, depending
on the precision and stability requirements at the end of the move, the theoretical end of
a motion might not be always the same as the physical end of a motion. The setting
position and velocity checking allows a more precise definition of the motion done by
conditioning the motion completion to a number of parameters that take the settling of
the positioner into account.

For more detailed information about this feature, please refer to the XPS Motion
Tutorial, chapter “Motion/Motion Done”.

The default value for this parameter is theoretical motion end.

SR1 (State Return) with an Acceleration Output
Stages.ini file entry: CorrectorType = SR1Acceleration

This servo loop type is used when a constant value applied to the driver results in
constant acceleration of the stage.

Loop ..

sl .

Opened/Closed

Compensation Jek

Comgensation Accel

Compensation Vitesse -

% Subtiacts
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»
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Estimated 1
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- velocity

Figure 23: SR1Acceleration corrector.

SR1 parameters

Needed entries in the configuration file:

e SRI1 servo loop proportional gain (sec?): KP

e SRI1 servo loop integral gain (sec™): KI

e SRI1 servo loop velocity gain (sec™!): KV

e SRI1 observer frequency (Hz): ObserverFrequency

e Velocity compensation gain (sec): CompensationGainVelocity

e Acceleration compensation gain (sec?): CompensationGainAcceleration
e Jerk compensation gain (sec®): CompensationGainJerk

The SR1 servo loop parameters KP, KI, KV and CompensationGainVelocity,
CompensationGainAcceleration, CompensationGainJerk define the bandwidth of the
servo loop. KP, KI, KV must be greater than zero, but CompensationGainVelocity,
CompensationGainAcceleration and CompensationGainJerk can take any value (zero,
positive or negative)
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Setpoint

Commands

3.4.2

The PID ObserverFrequency (Hz) sets the cut-off frequency of the Observer. It is used
to reduce the errors introduced by the approximation of the system modeling. It must be
greater than or equal to zero (zero means filter is disabled) and less than or equal to half
of the servo loop frequency (8 kHz).

All parameters will have an impact on system performance and should be set together.
It should be noted that parameters are best set for desired performance according the
requirements of the motion application (small following error during trajectory motion,
short settling time after a displacement, ...).

Position servo loop status
Stages.ini file entry: ClosedLoopStatus

The position servo loop status parameter sets the position servo loop either to open loop
i.e. without feedback of a position encoder, or to closed loop, i.e. with feedback from a
position encoder.

Setpoint

T Motorized Commands = 7
Gamm stage VAN,
- -

Motorized
stage

QD Newport.

- ]

343

Open loop

Values

Feedback from

the encoder

Closed loop

Figure 24: Open and closed loop.

The default value for this parameter is Closed.

Fatal following error
Stages.ini file entry: FatalFollowingError

The value for the fatal following error sets the maximum allowed following error of the
positioner before generating an error response from the controller. This error is defined
as the absolute value of the difference between the setpoint position and the current
position. This value is calculated each servo cycle. A following error that exceeds this
value will generate the corresponding error code and action. It must be greater than
Zero.

 Selpaint ™,
| Position
SN 7 | Following
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Figure 25: Following error.
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Notch Filters Parameters
Needed entries in the configuration file:

o first and second notch filter center frequency: NotchFrequencyl and
NotchFrequency?2

e first and second notch filter bandwidth: NotchBandWidthl and NotchBandWidth2
o first and second notch filter gain: NotchGainl and NotchGain2

The output of the position servo loop is filtered by two notch filters. These filters can be
used to avoid the excitation of specific frequencies. They are defined by their center
frequencies NotchFrequency<n°> (Hz), bandwidths NotchBandwidth<n°> (Hz) and
gains NotchGain<n°>. The frequencies and bandwidths must be greater than or equal to
zero (filter disabled) and less than or equal to half of the servo loop frequency (8 kHz).
The gain must be greater than or equal to zero.

Noich bandwidihs

40

th gain = 20log(0.1)=-20

Noteh gain =201log(0.01) =40 .

~
___________________________ ~Notch fequencies

R

100 200 300 400  sS00 600 700 800 900 1000
—__ Withoutnotch Frequency (Hz)
—— With notch

Figure 25: Notch filters.

The default value for these parameters is 0 which disables this feature.

Motion Done Condition Mode
Stages.ini file entry: CorrectorType = PlPosition

The motion done condition mode defines when a motion is completed. When set to
theoretical motion end, a motion is completed as defined by the profiler. It does not take
into account the settling of the positioner at the end of the move. Therefore, depending
on the precision and stability requirements at the end of the move, the theoretical end of
a motion might not be always the same as the physical end of a motion. The setting
position and velocity checking allows a more precise definition of the motion done by
conditioning the motion completion to a number of parameters that take the settling of
the positioner into account.

For more detailed information about this feature, please refer to the XPS Motion
Tutorial, chapter “Motion/Motion Done”.

The default value for this parameter is theoretical motion end.
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3.5 PI with a Position Output
Stages.ini file entry: CorrectorType = PIPosition
This servo loop type is used when the position servo loop directly outputs a position
value.
( E:b[lz-";.irll." "
-.x__F'ngrtl:ur_?,- I l
(0 e o o Tty —(omesmer) 0y
T et T \| Driver Boerd
At ) ) Il &suge
{ __thu: Ellu-.l.}: d*:-r__. x/ i
Figure 26: PIPosition corrector.
This servo loop type features a parallel PI servo loop with two notch filters.
3.5.1 PI Parameters
Needed entries in the configuration file:
e PIservo loop proportional gain: KP
e PIservo loop integral gain: K7
e Pl integration time: IntegrationTime
The PI servo loop parameters KP and K/ define the bandwidth of the servo loop. They
must be greater than or equal to zero.
The PI IntegrationTime (seconds) defines the time span for integration of the residual
errors. A small value limits the effects of the integral gain K/. It must be greater than or
equal to the servo loop period (125 ps).
All parameters will have an impact on system performance and should be set together.
It should be noted that parameters are best set for desired performance according the
requirements of the motion application (small following error during trajectory motion,
short settling time after a displacement, ...). This document will present context specific
information on setting PID parameters, but is not intended to be a tutorial on servo
loops. Please refer to the common literature for a general treatment of servo loops.
Choice: I servo loop (no value for KP)
c(p)= KT where p is the Laplace variable.
P
Mechanical transfer function: H(p): 1
Assumption
The position closed loop real time constant T, (s) is between 40 ms and 80 ms (2 Hz to
4Hz)
Notice: ,_ 1
2xmx f
QD Newport.
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PI parameters
The closed loop transfer function is:

7(p)= 1;
Ex p+l
This results in:
e PI servo loop proportional gain: gP =0
e PIservo loop integral gain: KI:L: 12.5 With 7, =80ms

s

e PID integration time: InteprationTime = 1¢s (full integration)

3.5.2 Position Servo Loop Status
Stages.ini file entry: ClosedLoopStatus
The position servo loop status parameter sets the position servo loop either to open loop
i.e. without feedback of a position encoder, or to closed loop, i.e. with feedback from a
position encoder.
Setpoint S Setpoint _
Commands N Motorized Commands \ Motorized
stage \ - stage
P :
Current Feedback from |
Values the encoder
Open loop Closed loop
Figure 27: Open and closed loop.
The default value for this parameter is closed.
353 Fatal Following Error

Stages.ini file entry: FatalFollowingError

The value for the fatal following error sets the maximum allowed following error of the
positioner before generating an error response from the controller. This error is defined
as the absolute value of the difference between the setpoint position and the current
position. This value is calculated each servo cycle. A following error that exceeds this
value will generate the corresponding error code and action. It must be greater than

ZEro.
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Figure 27: Following error.
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3.54 Servo Loop Dead Band Threshold
Stages.ini file entry: DeadBandThreshold

The servo loop dead band threshold sets the dead band value of the position loop. When
set to a value other than zero, the position loop is disabled when the following error is
less than the value for the dead band threshold AND the theoretical motion is done. In
some cases, this can avoid oscillations of stages with backlash or friction. It can also
reduce stage settling times, but may result in residual error from the target position. It
must be greater than or equal to zero.

At this time the servo
Position f\ i servo loop is disabled
. / \‘-‘,‘ H
{f\ Deadband threshold
) E‘."‘. ! k"‘.‘ /_/-—-“-\.‘\\ F 3
Setpoint vy | Vv .
Position h v/ -
_i % ;f Y
' W/
/ Theoretical
motion done
/f‘/.
Time

Figure 28: Deadband threshold.

The default value for this parameter is 0 which disables this feature.
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3.5.5

3.5.6

3.6

Notch Filters Parameters
Needed entries in the configuration file:

o first and second notch filter center frequency: NotchFrequencyl and
NotchFrequency?2

e first and second notch filter bandwidth: NotchBandWidthl and NotchBandWidth2
o first and second notch filter gain: NotchGainl and NotchGain2

The output of the position servo loop is filtered by two notch filters. These filters can be
used to avoid the excitation of specific frequencies. They are defined by their center
frequencies NotchFrequency<n°> (Hz), bandwidths NotchBandwidth<n°> (Hz) and
gains NotchGain<n°>. The frequencies and bandwidths must be greater than or equal to
zero (filter disabled) and less than or equal to half of the servo loop frequency (8 kHz).
The gain must be greater than or equal to zero.

Natch bandwidths

—————————— >
| INoTeh gain = 20leg (0,920
- Yy | 1
) *®, |
5 \\\
S . i
Netch gain = 20log(C.0H0+
4 M--mmdmmmmmdemmmmmeeo oo - - M Noleh [requencies

100 200 300 400 500 600 700 800 00 1000
— Without notch Frequency (Hz}
— Wilh nalch

Figure 29: Notch filters.

The default setting for these parameters is 0 which disables the filters.

Motion Done Condition Mode
Stages.ini file entry: MotionDoneMode

The motion done condition mode defines when a motion is completed. When set to
theoretical motion end, a motion is completed as defined by the profiler. It does not take
into account the settling of the positioner at the end of the move. Therefore, depending
on the precision and stability requirements at the end of the move, the theoretical end of
a motion might not be always the same as the physical end of a motion. The setting
position and velocity checking allows a more precise definition of the motion done by
conditioning the motion completion to a number of parameters that take the settling of
the positioner into account.

For more detailed information about this feature, please refer to the XPS Motion
Tutorial, chapter “Motion/Motion Done”.

The default value for this parameter is theoretical motion end.

No servo loop with a position output
Stages.ini file entry: CorrectorType = NoEncoderPosition

This servo loop type is used for stages without encoder, i.e. stages used always in open
loop. There are no parameters to set for this servo loop type.
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4.0 Driver Command Interface
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4.1

The XPS controller features 7 different driver command interfaces:
e velocity control

e voltage control

e acceleration control

e sine/cosine position control

e position control

e 60/90/120 deg UV phase acceleration control

e 60/90/120 deg UV phase dual output acceleration control

The choice of the driver command interface depends on the position servo loop type, the
driver type and the motor type.

Velocity Control
Stages.ini file entry: MotorinterfaceType = AnalogVelocity

This driver command interface is used when the output of the position servo loop refers
to a velocity value and when the driver input is an analog velocity value. For instance,
this is the case with a DC motor with tachometer connected to a driver with internal
speed loop and a Position servo loop type setting to PID with a velocity output.

This driver command interface also provides a configurable current limitation output.

Stage Velocity at Maximum Command
Stages.ini file entry: ScalingVelocity

The stage velocity at maximum command, ScalingVelocity (units/s), scales the output of
the controller. The value corresponds to the velocity of the positioner with a +10 V
input signal to the driver. For the XPS-DRVO03 driver board, it is recommended to set
this value equal to the maximum allowed stage velocity. For XPS-DRVO01 driver board,
see § 5.1.2 with the driver board settings.

The value for the ScalingVelocity must be greater than zero.

Maximum Allowed Stage Velocity
Stages.ini file entry: VelocityLimit

This parameter should not be confused with the profile generator maximum velocity,
which is the maximum velocity a stage can be commanded to move (cf. § 7.2.4). In
order to decrease following errors, a positioner must be capable of moving faster than
the profile generator maximum velocity. The maximum value is defined by the
maximum allowed stage velocity, VelocityLimit (units/s).

The higher the dynamic bandwidth of a system, the greater the margin between the
maximum allowed stage velocity and the profile generator maximum velocity.

The value for the maximum allowed stage velocity must be less than the stage velocity
at maximum command and greater than or equal to the profile generator maximum
velocity. The recommended value is 1.2 times the value for the profile generator
maximum velocity.

Motor Current at Maximum Command
Stages.ini file entry: ScalingCurrent

The motor current at maximum command, ScalingCurrent (A), scales the output of the
controller for the current limitation setting.

When used with driver board XPS-DRVO01, this value must be set to 3 A.
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When used with driver board XPS-DRVO03, this value must be set to 5 A.

When used with driver board XPS-DRVO0O0, this value scales the 10 V analog output of
the output channel B, pin 13 on the XPS-DRVO0O (see also § 4.1.4). This value must be
greater than zero.

4.1.4 Maximum Allowed Motor Current
Stages.ini file entry: CurrentLimit

The maximum allowed motor current, CurrentLimit (A), defines the current limitation
of the motor driver. This values must be less than or equal to the motor current at
maximum command and greater than zero.

When used with the driver board XPS-DRV00, this value defines the voltage that gets
output on the analog output channel B, pin 13, in relation to the mofor current at

maximum command as follows: Output voltage = 10 V * CurrentLimit
(A)/ScalingCurrent (A).

The CurrentLimit can be determined as follows:

Motor data
e motor torque constant: gF (N.m/A)

e maximum allowed motor current: MotorCurrentLimit (A)
Driver data:

e motor current at maximum command: ScalingCurrent (A)
(for instance 3A for XPS-DRVO01 or 5A for XPS-DRV03)

Stage data:

e ratio between motor rotation and stage displacement: ¢ (revolution/units)
e total inertia on the motor axis: J (kg.m?)

Notice: j= AR A

with J_,, . motor rotor inertia (kg.m?)

Tt load inertia (kg.m?)

J bearing, lead screw, ... inertia (kg.m?)

User Performance

e maximum stage acceleration (cf. § 7.2.5): MaxinmmAcceleration (units/s?)

Maximum Allowed Motor Current

° i :A@dmmAweler;ttianxJXZX:rxG

*  CurrentLimit = min(MaximumCurrent x .5, Motor CurrentLimit, ScalingCurrent ) (A)

NOTE

It is recommended that the CurrentLimit be 1.5 times the motion profiler
maximum current to meet the motion requirements of the default stage dynamics.

See also § 5.5.9 for XPS-DRVO03 driver board with a RMS limitation.
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4.2

4.2.1

4.2.2

Voltage Control
Stages.ini file entry: MotorinterfaceType = AnalogVoltage

This driver command interface is used when the output of the position servo loop refers
to a motor voltage value and when the driver input is a motor voltage value. For
instance, this is the case for a DC motor without tachometer connected to a voltage
amplifying driver and a Position servo loop type setting to PID with motor voltage
output.

This driver command interface also provides a configurable current limitation output.

Motor Voltage at Maximum Command
Stages.ini file entry: ScalingVoltage

The motor voltage at maximum command, ScalingVoltage (V), scales the analog output
of the controller. This value corresponds to the voltage output of the driver witha +10 V
input signal. It must be greater than zero.

When used with the driver board XPS-DRVO01 or XPS-DRV03, this value must be set to
48 V.

Maximum Allowed Motor Voltage
Stages.ini file entry: VoltageLimit

The maximum allowed motor voltage, VoltageLimit (V), sets the maximum allowed
output voltage of the driver. This value must be less than or equal to the motor voltage
at maximum command and greater than zero.

This parameter can be determined as follows:

Motor data

e motor winding resistance per phase: Rm (Q)

e motor torque constant: Kf (N.m/A)

e motor voltage constant: Ky (V/rpm)

e maximum allowed motor current: MotorCurrentLimit (A)

e maximum allowed motor voltage: MotorVoltageLimit (V)

Driver data

e motor current at maximum command: ScalingCurrent (A)
(for instance 3A for XPS-DRVO01 or 5A for XPS-DRV03)

e motor voltage at maximum command; ScalingVoltage (V)
(for instance 48 V for XPS-DRVO01 or XPS-DRVO03)

Stage data:

e ratio between motor rotation and stage displacement: (¢ (revolution/units)
e total inertia on the motor axis: J (kg.m?)

Notice: j= AR A

with J_, : motor rotor inertia (kg.m?)

Tt load inertia (kg.m?)

J bearing, lead screw, ... inertia (kg.m?)
User performance:

* maximum stage velocity (cf. § 7.2.4): MaximumVelocity (units/s)
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e maximum stage acceleration (cf. § 7.2.5): MaximmumAcceleration (units/s?)

Maximum Allowed Motor Voltage

. { MaximumAccelerationx J x2xx x G
Kt

MaximumCurrent ,MotorCurrentLimit, Scalinngrem)

®  MaximumVoltage = R_, x MaximumCurrent + MaximumVelocity x 60x G x Kv

®  VoltageLimit = min(Maximum Voliage x 1.5, MotorVoltage Limit Scal ingVoItage)

NOTE

It is recommended that the VoltagaeLimit be 1.5 times the motion profiler
maximum voltage to meet the motion requirements of the default stage dynamics.

4.2.3 Motor Current at Maximum Command
Stages.ini file entry: ScalingCurrent

The motor current at maximum command, ScalingCurrent (A), scales the output of the
controller for the current limitation setting.

When used with the driver board XPS-DRVO01, this value must be set to 3 A.
When used with the driver board XPS-DRVO03, this value must be set to 5 A.

When used with the driver board XPS-DRVO00, this value scales the 10 V analog output
of the output channel B, pin 13 on the XPS-DRVO00 (see also § 4.1.4). Its value must be
greater than zero.

4.2.4 Maximum Allowed Motor Current
Stages.ini file entry: CurrentLimit

The maximum allowed motor current, CurrentLimit (A), defines the current limit of the
motor driver. This value must be less than or equal to the motor current at maximum
command and greater than zero.

When used with the driver board XPS-DRV00, this value defines the voltage that gets
output on the analog output channel B, pin 13, in relation to the motor current at
maximum command as follows: Output voltage = 10 V * CurrentLimit
(A)/ScalingCurrent (A).

The CurrentLimit can be determined as follows:

Motor data
e motor torque constant: gy (N.m/A)

e maximum allowed motor current: MotorCurrentLimit (A)

Driver data

e motor current at maximum command: ScalingCurrent (A)
(for instance 3A for XPS-DRVOI or 5A for XPS-DRV03)

Stage data
e ratio between motor rotation and stage displacement: ¢; (revolution/units)

e total inertia on the motor axis: J (kg.m?)
Notice: j= AR AT
with J_, : motor rotor inertia (kg.m?)

o' load inertia (kg.m?)
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4.3

4.3.1

4.3.2

4.3.3

J :bearing, lead screw, ... inertia (kg.m?)

User performance

e maximum stage acceleration (cf. § 7.2.5): MaximmumAcceleration (units/s?)
Maximum allowed motor current:

*  MacimunCurrent — AJa:dnmAccelergianxeZxxxG

®  CurrentLimif = min(Maxz'mumCurrent x 1.5, MotorCurrentLimit, ScalingCurrent] (A)

NOTE

It is recommended that the CurrentLimit be 1.5 times the motion profiler
maximum current to meet the motion requirements of the default stage dynamics.

See also § 5.7.1 for XPS-DRVO03 driver board with a RMS limitation.

Acceleration Control
Stages.ini file entry: MotorInterfaceType = AnalogAcceleration

This driver command interface is used when the output of the position servo loop refers
to an acceleration value and when the driver input is an analog acceleration value.

Stage Acceleration at Maximum Command
Stages.ini file entry: ScalingAcceleration

The stage acceleration at maximum command, ScalingAcceleration (units/s?), scales the
output of the controller. This value corresponds to the theoretical acceleration reached
by the stage with a +10 V input signal to the driver. The value for the
ScalingAcceleration is stage and driver dependent and must be greater than zero.

See § 5.6.4 for XPS-DRVO03 driver board settings.

Maximum allowed stage acceleration
Stages.ini file entry: AccelerationLimit

This parameter should not be confused with the profile generator maximum
acceleration, which is the maximum acceleration a stage can be commanded to move
(cf. § 7.2.5). In order to decrease following errors, a positioner must be allowed to move
at greater acceleration than the profile generator maximum acceleration. Its maximum
value is defined by the maximum allowed stage acceleration, AccelerationLimit
(units/s?). The higher the dynamic bandwidth of a system, the greater the margin
between maximum allowed stage acceleration and the profile generator maximum
acceleration.

The value for the maximum allowed stage acceleration must be less than the stage
acceleration at maximum command and greater than or equal to the profile generator
maximum acceleration. The recommended value is 1.5 times the value of the profile
generator maximum acceleration.

Stage initialization acceleration level

Stages.ini file entry: InitializationAccelerationLevel (percent)

We have the following relation:

InitializationAcceleration = ScalingAcceleration * InitializationAccelerationLevel/100

InitializationAcceleration (units/s?), is the acceleration used during the stage auto-
scaling process.

The recommended starting value for this parameter is equal to 20% of the scaling
acceleration. If the auto-scaling process does not work properly with this setting (for
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4.4

4.4.1

4.4.2

44.3

4.4.4

example, an acceleration that is too low during auto-scaling combined with bad
efficiency of the drive chain, could result in failure of the auto-scaling), this value has to
be increased step by step. If the displacement during auto-scaling is too large, the stage
initialization acceleration can be decreased.

Sine/ Cosine Position Control
Stages.ini file entry: MotorinterfaceType = AnalogStepperPosition

This driver command interface is used when the output of the position servo loop is a
position value and when the driver inputs are two channels of analog sine/cosine
signals. For example, this would be the case for a stepper motor connected to a driver
board XPS-DRVO01 and a position loop setting to either P/ with position output or to No
servo loop with position output.

Motor Current at Maximum Command
Stages.ini file entry: ScalingCurrent

The motor current at maximum command, ScalingCurrent (A), scales the output of the
controller. Its value corresponds to the current output of the driver with a +10 V input
signal. It must be greater than zero.

When used with driver board XPS-DRVO01, this value must be set to 3 A.

Stage Displacement per Motor Full Step
Stages.ini file entry: DisplacementPerFullStep

The stage displacement per motor full step, DisplacementPerFullStep (units), defines
the stage displacement generated by one full step of the motor. Note: One full step
displacement corresponds to Y4 of the electrical period.

The DisplacementPerFullStep defines the measurement units of the stage and many
parameters are derived from this value, essentially all parameters with units of length,
such as velocities or accelerations. Therefore, it is critical this parameter be set correctly
for proper operation.

To calculate the DisplacementPerFullStep value all of the following must be taken into
account: the number of steps per revolution, screw pitch and any gear reduction in the
stage.

NOTE

The value for the maximum velocity (cf. §7.1.4) must be less than or equal to the
DisplacementPerFullStep multiplied by the servo loop frequency (8 kHz). This is a
requirement for smooth operation, however, we recommend not to exceed one
quarter of this maximum possible value.

Stepper Motor Peak Current per Phase
Stages.ini file entry: PeakCurrentPerPhase

The stepper motor peak current per phase, PeakCurrentPerPhase (A), sets the
amplitude of the sine/cosine modulated output current of the driver. This corresponds
either to the nominal current per phase (1 phase on) or to the nominal current per phases
(2 phases on) multiplied by +/2 . This value can be less than the capability of the motor
to reduce motor heating. It must be greater than zero and less than or equal to the motor
current at maximum command.

Stepper Motor Standby Peak Current per Phase
Stages.ini file entry: StandbyPeakCurrentPerPhase

The stepper motor standby peak current per phase, StandByPeakCurrentPerPhase (A),
sets the amplitude of the sine/cosine modulated output current of the driver when the
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4.4.5

4.5

4.5.1

stage has stopped for 5 s. This parameter allows further reduction of motor heating after
a motion. It must be greater than zero and less than or equal to the stepper motor peak
current per phase.

The default value for this parameter is one half of the stepper motor peak current per
phase.

Stepper Motor Start/Stop Velocity
Stages.ini file entry: BaseVelocity

The stepper motor start/stop velocity, BaseVelocity (units/s), sets the start/stop velocity
of the stepper motor. It must be greater than or equal to zero and less than or equal to
the maximum velocity (cf. § 7.2.4).

Example
/7
m VELOCITY
m I
{
v 20 f
c i
; f
! !
3 !
° o/
! 10 !
- i
V A
\ \ | | \
¢ .5 1 1.5 2 2.5 3

Time (sec)

—— SetpaintVelocity BaseVelocity = 4mm/s

In this example, the BaseVelocity is set to 4 mm/s: during start/stop periods, the velocity
passes through the 4mm/s velocity step:

- Start period: Starts motion with 4 mm/s velocity and increases from 4 mm/s to the
max velocity according to the settings of the motion profiler

- Stop period: Decreases from the max velocity to 4 mm/s velocity according to the
settings of the motion profiler and then decreases to null velocity immediately.

The default value for the BaseVelocity is zero.

Position Control
Stages.ini file entry: MotorinterfaceType = AnalogPosition

This driver command interface is used when the output of the position servo loop is a
position value and when the driver input is an analog position value. This is the case for
some drivers of piezo stages or galvanometric mirrors or voice coils.

Command Voltage at Minimum Target Position
Stages.ini file entry: MinimumTargetPositionVoltage

The command voltage at minimum target position, MinimumTargetPositionVoltage (V),
sets the analog output voltage of the controller when the stage is at its minimum travel
limit. This value must be between £10 V and less than the maximum target position
voltage.
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4.5.2

4.6

4.6.1

4.6.2

Command Voltage At Maximum Target Position
Stages.ini file entry: MaximumTargetPositionVoltage

The command voltage at maximum target position, MaximumTargetPositionVoltage
(V), sets the analog output voltage of the controller when the stage is at its maximum
travel limit. This value must be between £10 V and greater than the minimum target

position voltage.

60/90/120 Deg UV Phase Acceleration Control
Needed entries in the configuration file: MotorinterfaceType =
e  AnalogSin60Acceleration

o AnalogSin90Acceleration

o  AnalogSinl20Acceleration

These driver command interfaces are used when the output of the position servo loop
refers to a modulated acceleration value and when the driver inputs are analog
modulated signals. The modulation is based on the position and suitable for
synchronous linear or rotary brushless motors.

Depending on required phase difference between the two output channels, three
interfaces are available:

e 60 ° between phases
e 90 ° between phases for two phase motors
e 120 ° between phases for three phase motors

Notice: These interfaces do not require Hall sensors for the motor phase initialization.
This is done by a Newport patented process that determines the coil positions relative to
the magnetic track solely based on the encoder feedback, and avoids major motion
during initialization.

Stage Acceleration At Maximum Command
Stages.ini file entry: ScalingAcceleration

The stage acceleration at maximum command, ScalingAcceleration (units/s?), scales the
analog output of the controller. This value corresponds to the theoretical acceleration
reached by the stage with the maximum voltage input to the driver (+10 V for the
amplitude of the sine signal). The ScalingAcceleration must be greater than zero and is
stage and driver dependent. See also § 5.4.4 for parameter definition with the XPS
driver board XPS-DRVO02.

Maximum Allowed Stage Acceleration
Stages.ini file entry: AccelerationLimit

This parameter should not be confused with the profile generator maximum
acceleration, which is the maximum acceleration a stage can be commanded to move
(cf. § 7.2.5). In order to decrease following errors, a positioner must be allowed to move
at greater acceleration than the profile generator maximum acceleration. Its maximum
value is defined by the maximum allowed stage acceleration, AccelerationLimit
(units/s?). The higher the dynamic bandwidth of a system, the greater the margin
between maximum allowed stage acceleration and the profile generator maximum
acceleration.

The value for the maximum allowed stage acceleration should be set in relation to the
application and not solely in relation to the motor capability. For correct parameter
determination with the driver board XPS-DRVO02, see also § 5.4.4. The value must be
less than the stage acceleration at maximum command and greater than or equal to the
profile generator maximum acceleration.
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4.6.3

4.6.4

4.6.5

4.7

Stage Displacement per Motor Period
Stages.ini file entry: MagneticTrackPeriod

The stage displacement per motor period, MagneticTrackPeriod (units), is the magnetic
pitch between two consecutive north poles of the magnetic track. Its value must be
greater than zero.

Stage Initialization Acceleration Level

Stages.ini file entry: InitializationAccelerationLevel (percent)

We have the following relation:

InitializationAcceleration = ScalingAcceleration * InitializationAccelerationLevel/100

InitializationAcceleration (units/s?), is the acceleration used during the motor
initialization and the stage auto-scaling processes.

The recommended starting value for this parameter is 20% of the scaling acceleration
and must be greater than or equal to the maximum acceleration of the profile generator
(cf. § 7.2.5). If the initialization or auto-scaling process does not work properly with this
setting (for example, an acceleration that is too low during auto-scaling combined with
bad efficiency of the drive chain, could result in failure of the initialization or auto-
scaling), this value has to be increased step by step. If the displacement during
initialization or auto-scaling is too large, the stage initialization acceleration can be
decreased.

Stage Initialization Cycle Duration
Stages.ini file entry: InitializationCycleDuration

The stage initialization cycle duration, InitializationCycleDuration (s), is the time
period of the motor initialization process.

This parameter is used only with the LMI (Large Move Initialization) initialization
process.

The recommended starting value of this parameter varies from 1 to 20 seconds and is
inversely related to the stage friction. For example, a stage with minimal friction
requires a longer stage initialization cycle to stabilize the stage during initialization.

60/90/120 Deg Uv Phase Dual Output Acceleration Control
Needed entries in the configuration file: MotorinterfaceType =

e AnalogDualSin60Acceleration

o AnalogDualSin90Acceleration

o AnalogDualSinl20Acceleration

These driver command interfaces are used when the output of the position servo loop
refers to a modulated acceleration value balanced on two controller axes and when both
driver inputs are analog modulated signals. This is a specific interface for driving two
motors via two drivers in parallel. The modulation is based on the position and suitable
for synchronous linear or rotary brushless motors.

Depending on required phase difference between the two output channels, three
interfaces are available:

e 60 ° between phases
e 90 ° between phases for two phase motors
e 120 ° between phases for three phase motors

Notice: These interfaces do not require Hall sensors for the motor phase initialization.
This is done by a Newport patented process that determines the coil positions relative to
the magnetic track solely based on the encoder feedback, and avoids major motion
during initialization.
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4.7.2

4.7.3

4.7.4

4.7.5

Stage Acceleration at Maximum Command
Stages.ini file entry: ScalingAcceleration

The stage acceleration at maximum command value ScalingAcceleration (units/s?) is
used to scale the analog output of the controller. This value corresponds to the
theoretical acceleration reached by the stage with both motors when the maximum
voltage (+10 V for the amplitude of the sine signal) is output by the controller. It must
be greater than zero.

See § 5.4.4 for XPS-DRVO02 driver board application.

Maximum Allowed Stage Acceleration
Stages.ini file entry: AccelerationLimit

The stage acceleration at maximum command, ScalingAcceleration (units/s?), scales the
analog output of the controller. This value corresponds to the theoretical acceleration
reached by the stage with a maximum voltage input to the driver (+10 V for the
amplitude of the sine signal). The ScalingAcceleration must be greater than zero and is
stage and driver dependent. See also § 5.4.4 for parameter definition with the XPS
driver board XPS-DRVO02.

Stage Displacement per Motor Period
Stages.ini file entry: MagneticTrackPeriod

The stage displacement per motor period, MagneticTrackPeriod (units), is the magnetic
pitch between two consecutive north poles of the magnetic track. This value must be
greater than zero.

Stage Initialization Acceleration Level

Stages.ini file entry: InitializationAccelerationLevel (percent)

We have the following relation:

InitializationAcceleration = ScalingAcceleration * InitializationAccelerationLevel/100

InitializationAcceleration (units/s?), is the acceleration used during the motor
initialization and the stage auto-scaling processes.

The recommended starting value for this parameter is 20% of the scaling acceleration
and must be greater than or equal to the maximum acceleration of the profile generator
(cf. § 7.2.5). If the initialization or auto-scaling process does not work properly with this
setting (for example, an acceleration that is too low during auto-scaling combined with
bad efficiency of the drive chain, could result in failure of the initialization or auto-
scaling), this value has to be increased step by step. If the displacement during
initialization or auto-scaling is too large, the stage initialization acceleration can be
decreased.

Stage Initialization Cycle Duration
Stages.ini file entry: InitializationCycleDuration

The stage initialization cycle duration, InitializationCycleDuration (s), is the time
period of the motor initialization process.

This parameter is used only with the LMI (Large Move Initialization) initialization
process.

The recommended starting value of this parameter varies from 1 to 20 seconds and is
inversely related to the stage friction. For example, a stage with minimal friction
requires a longer stage initialization cycle to stabilize the stage during initialization.
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4.7.6 Motor Command Input Balance
Needed entries in the configuration file:
o firstMotorBalance
e secondMotorBalance

The motor command input balance, FirstMotorBalance and SecondMotorBalance, scale
the outputs of the two drivers to apply the acceleration to the center of gravity. The
values for both parameters must be between 0 and 1.

4.8 Pulse and Direction Position Control
Required entries in the configuration file: MotorInterfaceType = PulseDir

This motor interface drives external stepper motors. The output signals are named
PLS OUT and DIR_OUT. To modify the logic of these signals, two modes are
available:

PLS OUT = pulses generation only
DIR_OUT = direction information only

DigitalStepperDirectionLogic Negative Positive
DigitalStepperPulseLogic | Positive | Negative Positive | Negative

DIR OUT| 0 1 0 1 0 1 0 1
direction| + - I - - * -

PLS_OUT| 0 1 0 1 0 1 0 1
pulse|] o u [ i i [ n o

m = pulse 0 =no pulse + = positive direction - = negative direction

4.8.1 Direction Logic
Stages.ini file entry: DigitalStepperDirectionLogic

The logic direction can be Negative (DIR_OUT: 1 = negative direction and 0 = positive
direction) or Positive (DIR_OUT: 1 = positive direction and 0 = negative direction).

The PLS_OUT represents the pulse generation.

DIR_OUT 0 1
DigitalStepperDirectionLogic = Positive Direction - Direction +
DigitalStepperDirectionLogic = Negative Direction + Direction -

4.8.2 Pulse Generation Logic
Stages.ini file entry: DigitalStepperPulseLogic

The logic pulse can be Negative (PLS OUT: 1 = no pulse and 0 = pulse) or Positive
(PLS_OUT: I = pulse and 0 = no pulse).

PLS_OUT 0 1
DigitalStepperPulseLogic = Positive No pulse Pulse
DigitalStepperPulseLogic = Negative Pulse No pulse

4.8.3 Stage Displacement per Motor Full Step
Stages.ini file entry: DisplacementPerFullStep

The stage displacement per motor full step, DisplacementPerFullStep (units), defines
the stage displacement generated by one full step of the motor.

NOTE

One full step displacement corresponds to ' of the electrical period.
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The DisplacementPerFullStep defines the measurement units of the stage and many
parameters are derived from this value, essentially all parameters with units of length,
such as velocities or accelerations. It is critical this value be set correctly for proper
operation of the stage.

To calculate the DisplacementPerFullStep value all of the following must be taken into
account: the number of steps per revolution, screw pitch and any gear reduction in the
stage.

4.8.4 Number of Micro Steps in the Displacement per Motor Full Step
Stages.ini file entry: MicroStepsPerFullStep

The MicroStepsPerFullStep defines the number of micro steps in the displacement per
one full step of the stepper motor.

4.9 Pulse + and Pulse - position control
Needed entries in the configuration file: MotorinterfaceType = PulsePulse

This motor interface drives external stepper motors. The output signals are named
PLS OUT and DIR_OUT. The Pulse + and pulse — mode represents ClockWise and
CounterClockWise.

PLS_OUT = direction information and pulse generation

DIR _OUT = direction information and pulse generation

DigitalStepperDirectionLogic Negative Positive
DigitalStepperPulseLogic |  Positive | Negative Positive | Negative
DIR_ OUT| 0 1 0 1 0 1 0 1

direction] - - - - + + b=
pulse] o© L ] m] o u ] m]

PLS OUT] 0 1 0 1 0 1 0 1

direction| + ol i 4 - - - -

pulse] o L ] m] m] [ ] ] O
+ = positive direction - = negative direction

m = pulse 0 = no pulse

4.9.1 Direction Logic
Stages.ini file entry: DigitalStepperDirectionLogic

The logic direction can be Negative (DIR_OUT = negative direction and PLS OUT =
positive direction) or Pesitive (DIR_OUT = positive direction and PLS OUT =
negative direction)

DIR OUT PLS OUT
DigitalStepperDirectionLogic = Positive Direction + Direction -
DigitalStepperDirectionLogic = Negative Direction - Direction +

4.9.2 Pulse Generation Logic
Stages.ini file entry: DigitalStepperPulseLogic

The logic pulse can be Negative (DIR_OUT or PLS _OUT: 1 = no pulse and 0 = pulse)
or Positive (DIR_OUT or PLS OUT: 1 = pulse and 0 = no pulse).

PLS_OUT or DIR_ OUT 0 1
DigitalStepperPulseLogic = Positive No pulse Pulse
DigitalStepperPulseLogic = Negative Pulse No pulse

4.9.3 Stage Displacement per Motor Full Step
Stages.ini file entry: DisplacementPerFullStep

The stage displacement per motor full step, DisplacementPerFullStep (units), defines
the stage displacement generated by one full step of the motor.
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4.9.4

4.10

NOTE

One full step displacement corresponds to ' of the electrical period.

The DisplacementPerFullStep defines the measurement units of the stage and many
parameters are derived from this value, essentially all parameters with units of length,
such as velocities or accelerations. It is critical this value be set correctly for proper
operation of the stage.

To calculate the DisplacementPerFullStep all of the following must be taken into
account: the number of steps per revolution, screw pitch and any gear reduction in the
stage.

Number of Micro Steps in the Displacement per Motor Full Step
Stages.ini file entry: MicroStepsPerFullStep

The MicroStepsPerFullStep defines the number of micro steps in the displacement per
one full step of the stepper motor.

Piezo Position Control
Stages.ini file entry: MotorInterfaceType = AnalogPositionPiezo

This type of driver command interface is used specially for piezo stages (DRVPI1, ...).
It is compatible only with NoEncoderPosition or PIPosition corrector type.
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5.0 Motor Driver Model

5.1

5.1.1

5.1.2

The XPS controller supports the following settings for the motor driver model:
e XPS-DRVOI with tachometer feedback

e XPS-DRVO01 without tachometer feedback

e XPS-DRVOI for stepper motors

e XPS-DRVO02 for linear/brushless motors

e XPS-DRVO03 with tachometer feedback

e XPS-DRVO03 for acceleration control

e XPS-DRVO03 for voltage control

e XPS-DRVO0O for non-configurable external drivers

e XPS-DRVOOP for configurable external drivers

e NON_CONFIGURABLE DRV for non-configurable external drivers (CIE and
external driver are directly connected, without use of DRV0O0/DRVOOP pass-
through cards).

e XPS-DRVPx (x =1, 2, ...) for piezo stage drivers.

The choice of a driver board setting depends on the driver board used, the driver
command interface, position servo loop type, and motor type.

XPS-DRV01 with Tachometer Feedback
Stages.ini file entry: XPS-DRV0!

This type of motor driver model is used for DC motors with tachometer. The driver
command interface must be set to velocity control (cf. § 4.1) and the position servo loop
type to PID with velocity output (cf. § 3.1). The XPS-DRVO1 driver board supplies a
maximum output of 3 A and 48 V.

Pulse width Modulation Frequency
Stages.ini file entry: DriverName = DriverPWMFrequency

The pulse width modulation frequency, DriverPWMFrequency (Hz), sets the frequency
of the pulse width modulation output of the XPS-DRVO01 driver.

The default value is 50 kHz.

Velocity Servo Loop Parameters

Required entries in the configuration file:

e velocity servo loop proportional gain: DriverErrorAmplifier Gain
e tachometer gain: DriverTachometerGain

The velocity servo loop proportional gain and the tachometer gain should be set
together to optimize the bandwidth of the velocity loop.

EDHO0302En1041 — 09/15

QD Newport.

Experienca | Sobutions

44



XPS-Q8 Configuration Wizard Documentation

Current saturation

+ _

Velocity setpoint [\( } } DriverErrorAmplifierGain }—> J 1 Amplifier Motor voltage

DriverTachometerGain } Tachometer voltage

Figure 30: Velocity servo loop.

These parameters are set up as follow.

Motor data

e motor maximum allowed velocity: Vo (rpm)
e motor winding resistance per phase: R, Q)

e motor torque constant: g (N.m/A)
e motor voltage constant: Ky (V/rpm)

Notice: Kt — Ky when there are given in these units

Tachometer data

e tachometer voltage constant: K, (V/rpm)

Driver data

e DC power supply voltage: U, =48V

¢ DAC maximum voltage: U picom = 10V

e maximum allowed current at maximum command: ScalingCurrent =3 A

e tachometer feedback maximum voltage: gr =10V

e tachometer gain (DriverTachometerGain): K . <{00,75,60,50,3330,27,250}
e velocity servo loop proportional gain (DriverErrorAmplifierGain):

KD, i, € 1,5.913,17,2125,29}

J
Stage daga= R"I‘;::

e ratio between motor rotation and stage displacement: {7 (revolution/units)

e total inertia on the motor axis: J (kg.m?)

Notice: j=J__ +J__,+J

with J_,. - motor rotor inertia (kg.m?)
o load inertia (kg.m?)

J_: bearing, lead screw, ... inertia (kg.m?)

e stage mechanical time constant: T, (s)

Notice:

QD Newport.
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User performance

e maximum allowed stage velocity (cf. § 4.1.2): VelocityLimit (units/s)

e maximum stage acceleration (cf. § 7.2.5): MaximumAcceleration (units/s?)
e velocity servo loop cut off frequency: Fe (Hz)

Notice: usually this cut off frequency is between 100Hz and 200 Hz

Preliminary tachometer gain

e maximum motor velocity: Vs —60X GV, <V, (rpm)

e raw tachometer gain: g - [ — %100
leinit xKGT

e tachometer gain: g closest lower value

Maximum allowed motor current:

* CurrentLimit =12 ""’"A"cele';ﬁ"”x 2x2XTXG | 5< ScalingCurrent )
1
Notice: the coefficient 1.5 is the margin for parameters uncertainty and servo loop

transient.

Velocity servo loop proportional gain

e raw velocity servo loop proportional gain:
Upican X Kvx (T, x2x 7% Fe 1)
prbmm =

Klz:lnnnn
100

e velocity servo loop proportional gain: KD o closest higher value

Upe %K o %

Cut off frequency recalculation due to quantification
xU . xK K .
KPwim:y D T +1

e raw cut off frequency: g, _ Unicma X Kv 100 (Hz)
i T, X2xX7%

o if the value is too far from the velocity servo loop cut off frequency, the tachometer
gain

K can be decreased.
‘tachometer

Stage velocity at maximum command (cf. § 4.1.1):

PPy * e (units/s)
L] T o B units/s
ScalingVelocity = 60xG x Kv > VelocityLimit
Kp e xUmeG,.xI(. )
Upyom X KV 100
QS Newport.
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5.2

5.2.1

5.3

531

53.2

XPS-DRV01 without Tachometer Feedback
Stages.ini file entry: DriverName = XPS-DRV01

This type of motor driver model is used with DC motors without tachometer. The driver
command interface must be set to voltage control (cf. § 4.2) and the position servo loop
type to PID with voltage output (cf. § 3.2). The XPS-DRVO01 driver board supplies a
maximum output of 3 A and 48 V.

Pulse width Modulation Frequency
Stages.ini file entry: DriverPWMFrequency

The pulse width modulation frequency, DriverPWMFrequency (Hz), sets the frequency
of the pulse width modulation output of the XPS-DRVO01 driver.

The default value is 50 kHz.

XPS-DRVO01 for Stepper Motors
Stages.ini file entry: DriverName = XPS-DRV01

This type of motor driver model is used for stepper motors. The driver command
interface must be set to sine/cosine position control (cf. § 4.4) and the position servo
loop type to either PI with a position output (cf. § 3.5) or to no servo loop with a
position output (cf. § 3.6). The XPS-DRVO01 driver board supplies a maximum output of
3Aand48 V.

Pulse width Modulation Frequency
Stages.ini file entry: DriverPWMFrequency

The pulse width modulation frequency, DriverPWMFrequency (Hz), sets the frequency
of the pulse width modulation output of the XPS-DRVO01 driver.

The default value is 50 kHz.

Stepper Motor Winding Connection
Stages.ini file entry: DriverStepperWinding

The stepper motor winding connection, DriverStepper Winding, specifies the stepper
wiring. If the stepper is wired between pin 1-4 and pin 5-8, the parameter must be set to
Full. Tf the stepper is wired between pin 1-4 and 11-12 as well as pin 5-10, the
parameter must be set to Half-

o

unipolar: Half bipolar: Full

Figure 31: Stepper motor winding connection.
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5.4

5.4.1

5.4.2

543

544

XPS-DRV02/XPS-DRVO02P for Linear/Brushless Motors
Stages.ini file entry:

DriverName = XPS-DRV02; for DRV02 driver cards

or

DriverName = XPS-DRV02P s for DRVO2P driver cards

This type of motor driver model is used for brushless linear or rotary motors. The driver
command interface must be set to /20 deg UV phase acceleration control (cf. § 4.6) or
120 deg UV phase dual output acceleration control (cf. § 4.7) and the position servo
loop type to PID with acceleration output (cf. §4.6). The XPS-DRVO02 driver board
supplies a maximum output of 5 A and 44 Vpp. The XPS-DRVO02P driver board
supplies a maximum output of 7 A and 44 Vpp.

Motor Winding Resistance per Phase
Stages.ini file entry: DriverMotorResistance

The motor winding resistance per phase, DriverMotorResistance (€2), is the motor
resistance of each phase. It must be greater than zero and less than or equal to 65.535 Q.

Motor Winding Induction per Phase
Stages.ini file entry: DriverMotorinductance

The motor winding induction per phase, DriverMotorInductance (H), is the motor
induction of each phase. It must be greater than zero and less than or equal to
65.535 mH.

Current Servo Loop Cut Off Frequency
Stages.ini file entry: DriverCutOffFrequency

The current servo loop cut off frequency, Driver CutOffFrequency (Hz), sets the
bandwidth of the internal driver current servo loop. The internal driver PI parameters
are calculated automatically. This value has to be set relative to the bandwidth of the
position servo loop (cf. § 3.4.1). It must be greater than zero and less than or equal to 3
kHz.

For a stage with a position servo loop cut off frequency between 20 and 50 Hz, the
current servo loop cut off frequency should be set between 200 and 500 Hz.

Current Monitoring Parameters

Needed entries in the configuration file:

e peak current limit: DriverMaximumPeakCurrent

e RMS current limit: DriverMaximumRMSCurrent
e RMS integration time: DriverRMSIntegrationTime

The peak current limit, DriverMaximumPeakCurrent (A), is the maximum allowed
motor current. If the motor current goes beyond this value, a driver fault is generated.
This value must be greater than zero and less than or equal to 5 A.

The RMS current limit, DriverMaximumRMSCurrent (A), is the maximum allowed
RMS motor current. The RMS integration time DriverRMSIntegrationTime (s) defines
the integration time span. If the RMS motor current goes beyond this value, a driver
fault is generated. The RMS Current limit must be greater than zero and less than or
equal to 5 A. The RMS integration time must be greater than zero and less than or equal
to 480 s.

There are many different methods possible to define these values. Here is a description
of one method used by Newport for standard products.

Application input:
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e Due to the high accuracy requirements of Newport testing, a maximum temperature
increase of the motor coils by 20 °C is set to avoid thermal effects impacting the
motion precision: AT = 20°C

e A ratio of 2 between the peak current limit and the RMS current limit is used. This
has been found to be a realistic approach in numerous precision motion applications
as a good balance between throughput and precision: f =2

Motor data
e motor force/torque constant: gz (N/Arms) or (N.m/Arms)
e motor constant or steepness: § (N?/W) or (N2.m*W)

o thermal resistance: Rﬁ(OC/W)

e thermal time constant: 7, (s)

Driver data

e maximum driver current: [__ = 5A

Stage data
e load (linear direct drive stage only): Load (kg)

e ratio between motor rotation and stage displacement: (¢ (revolution/units)
e total inertia on the motor axis: J (kg.m?)
Notice: g = I Vo +I
. ) L )
with  J ot OtOT TOtOT Inertia (kg.m?)

o' load inertia (kg.m?)
J :bearing, lead screw, ... inertia (kg.m?)
Calculations:
® Kr=,3xRfxS,
where Rf (Q) is the motor resistance per phase
2 2
o Tﬁ:RﬁXFP or Tﬁ:RﬁxCP ,
frxS frxSs
where: g (N) is the motor peak force, ¢« (N.m) is the motor peak torque and
P P

01 (°C/s) is the temperature rise at motor peak force

o DriverMaximumRMSCurrent: I —mi ATxS xél
e R, x(1+0004xAr) Kt ™

e DriverMaximumPeakCurrent: Ioi = minf . xrx1.1,1__)

Notice: the coefficient 1.1 is the margin for the servo loop transient.

e DriverRMSIntegrationTime: min(z,, 155)

o ScalingAcceleration: ) :IEX Kz (m/s?) or 4. :ng Kr
A N2 Load g N2 2xmExIxG
(units/s?)
AccelerationLimit: T Kz (m/s?) or
.= S XTX A s
Ay '\E r Ioad sealing

. l T Kr (units/s?)
_— = xrx—— A _,
Ao V2 ’ 2xaxJxG Sd'g]
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5.4.5

5.5

5.5.1

5.5.2

5.5.3

5.5.4

Thermistor Threshold
Stages.ini file entry: DriverThermistanceThreshold

The thermistor threshold, DriverThermistanceThreshold (Q2), sets the threshold for the
driver fault in the event of over heating. This value must be greater than 100 Q and less
than or equal to 9 kQ.

For a 1 kQ PTC temperature sensor, the thermistor threshold value is 1000,
corresponding to the resistor value of the transition edge. The temperature that
corresponds to that threshold is determined by the type of sensor (see color code of the
wire).

XPS-DRV03/XPS-DRVO03H with Tachometer Feedback
Stages.ini file entry:

DriverName = XPS-DRV03; for DRV03 driver cards

or

DriverName = XPS-DRVO3H ; for DRVO3H driver cards

This type of motor driver model is used for DC motors with tachometer. The driver
command interface must be set to velocity control (cf. § 4.1) and the position servo loop
type to PID with velocity output (cf. § 3.1). The XPS-DRVO03 driver board supplies a
maximum output of 5 A and 48 V. The XPS-DRVO03H driver board supplies a
maximum output of 1.58 A and 48 V.

Motor Winding Resistance
Stages.ini file entry: DriverMotorResistance

The motor winding resistance, DriverMotorResistance (L), is the motor resistance. This
value must be greater than zero and less than or equal to 655.35 Q.

Motor Winding Induction
Stages.ini file entry: DriverMotorInductance

The motor winding induction, DriverMotorInductance (H), is the motor inductance.
This value must be greater than zero and less than or equal to 65.535 mH.

Motor Voltage Constant
Stages.ini file entry: DriverMotorVoltageConstant

The motor voltage constant parameter, DriverMotorVoltageConstant (Volt/rpm), sets
the back EMF constant of the motor. This value must be greater than zero and less than
or equal to 65.535¢ V/rpm.

Tachometer Generator Voltage
Stages.ini file entry: DriverTachoGeneratorVoltage

The tachometer generator voltage parameter, DriverTachoGeneratorVoltage
(Volt/rpm), set the voltage constant of the tachometer generator. This value must be
greater than zero and less than or equal to 65.535¢ V/rpm.
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5.5.5

5.5.6

5.5.7

5.5.8

5.5.9

Stage inertia
Stages.ini file entry: DriverStagelnertia

The stage inertia, DriverStagelnertia (kg.m?), is the total inertia (J) on the motor axis. It
must be greater or equal to 10° kg.m? and less than or equal to 1 kg.m?.

Notice: j= AR AT
with J_,, motor rotor inertia (kg.m?)

o load inertia (kg.m?)

J bearing, lead screw, ... inertia (kg.m?)

Gear Ratio
Stage.ini file entry: DriverGearRatio

The gear ratio, DriverGearRatio (revolution/unit), sets the ratio between the motor
rotation and the stage displacement. It must be greater than 0.

Current Servo Loop Cut Off Frequency
Stages.ini file entry: DriverCurrentCutOffFrequency

The current servo loop cut off frequency, DriverCurrentCutOffFrequency (Hz), sets the
bandwidth of the internal driver current servo loop. The driver internal corrector
parameters are calculated automatically. This value has to be set in relation to the
bandwidth of the velocity servo loop (cf. next §). This value must be greater than zero
and less than or equal to 3 kHz.

For a stage with a velocity servo loop cut off frequency between 100 and 200 Hz, the
current servo loop cut off frequency should be set between 500 and 1000 Hz.

Velocity Servo Loop Cut Off Frequency
Stages.ini file entry: DriverVelocityCutOffFrequency

The velocity servo loop cut off frequency, DriverVelocityCutOffFrequency (Hz), sets
the bandwidth of the internal driver velocity servo loop. The driver internal corrector
parameters are calculated automatically. This value has to be set in relation to the
bandwidth of the velocity servo loop (cf. § 3.1.1). This value must be greater than zero
and less than or equal to 300 Hz.

For a stage with a velocity servo loop cut off frequency between 20 and 50 Hz, the
velocity servo loop cut off frequency should be set between 100 and 200 Hz.

Current Monitoring Parameters

Needed entries in the configuration file:

e RMS current limit: DriverMaximumRMSCurrent

e RMS integration time: DriverRMSIntegrationTime

The RMS current limit, DriverMaximumRMSCurrent (A), is the maximum allowed
RMS motor current. The RMS integration time DriverRMSIntegrationTime (s) defines
the integration time span. If the RMS motor current goes beyond this value, a driver
fault is generated. The RMS Current limit must be greater than zero and less than or
equal to 5 A. The RMS integration time must be greater than zero and less than or equal
to 60 s.

There are many different methods to define these values. Here is a description of a
method used by Newport for standard products.

Application input:
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e Due to the high accuracy requirements of Newport testing, a maximum temperature
increase of the motor coils by 20 °C is set to avoid thermal effects impacting the
motion precision: AT =20°C

e A ratio of 2 between the current limit (defined in the motor interface section) and the
RMS current limit is used. This has been found to be a good approach in numerous
precision motion applications offering a good balance between throughput and
precision: =2

Motor data

e motor torque constant: gz (N.m/Arms)

e motor constant or steepness: § (N2.m?/W)

o thermal resistance: Rﬁ(OC/W)

e thermal time constant: T, (s)

Driver data
e maximum driver current: I =5A
Calculations:
b Kr= Iy‘X89
where Rf (€) is the motor resistance per phase
o R, xC pz

Tp=—— 2

frxS
where: ¢ (N.m) is the motor peak torque and
P

or(°C/s) is the temperature rise at motor peak torque

o DriverMaximumRMSCurrent: I —mi AT xS 1
RMS — Xl
R, x(1+0004xAs) Kt

*  CurrentLimit =min(l, xr1__’

> “max J

e DriverRMSIntegrationTime: min(7,,,35)

5.5.10 Maximum Allowed Motor Voltage
Stages.ini file entry: DriverMaximumMotorVoltage

The maximum allowed motor voltage, DriverMaximumMotorVoltage (V), sets the
maximum allowed output voltage of the driver. It must be greater than zero and less
than or equal to 48 V.

This parameter can be determined as follows:

Motor data

e motor winding resistance per phase: R, Q)

e motor torque constant: gy (N.m/A)
e motor voltage constant: gy (V/rpm)
e maximum allowed motor current: MotorCurrentLimit (A)

e maximum allowed motor voltage: MotorVoltageLimit (V)
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Driver data
motor current at maximum command: ScalingCurrent (A) (5A for XPS-DRVO03)
motor voltage at maximum command; ScalingVoltage (V) (48 V for XPS-DRVO03)

Stage data:
e ratio between motor rotation and stage displacement: ¢ (revolution/units)
e total inertia on the motor axis: J (kg.m?)
Notice: j= A S
with ~ j :motor rotor inertia (kg.m?)

mote

. 1 1 2

Tt load inertia (kg.m?)
J bearing, lead screw, ... inertia (kg.m?)
User performance:

e maximum stage velocity (cf. § 7.2.4): MaximumVelocity (units/s)

e maximum stage acceleration (cf. § 7.2.5): MaximmumAcceleration (units/s?)

Maximum allowed motor voltage:

. [ MaximumAccelerationx J x2x g x G
K

MaximumCurrent

~MotorCurreraLimit, Sca]mgCurrmJ

®  MaximumVoltage = R_, x MaximumCurrent + MaximumVelocity x 60 x G x Kv

®  VoltageLimit = min (Maximum Voltage x 1.5, MotorVoltage Limit, ScaIingVoltage]

NOTE

It is recommended that the VoltageLimit be 1.5 times the motion profiler
maximum voltage to meet the motion requirements of the default stage dynamics.

5.6 XPS-DRV03/XPS-DRVO03H for Acceleration Control
Stages.ini file entry:
DriverName = XPS-DRV03  ; for DRV03 driver cards
or
DriverName = XPS-DRVO3H ; for DRVO3H driver cards

This type of motor driver model is used for DC motors controlled by acceleration. The
driver command interface must be set to acceleration control (cf. § 4.3) and the position
servo loop type to PID with acceleration output (cf. § 3.3). The XPS-DRV03 driver
board supplies a maximum output of 5 A and 48 V. The XPS-DRVO03H driver board
supplies a maximum output of 1.58 A and 48 V.

5.6.1 Motor Winding Resistance
Stages.ini file entry: DriverMotorResistance

The motor winding resistance, DriverMotorResistance (), is the motor resistance. This
value must be greater than zero and less than or equal to 65.535 Q.
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5.6.2

5.6.3

5.6.4

Motor Winding Inductance
Stages.ini file entry: DriverMotorInductance

The motor winding inductance, DriverMotorInductance (H), is the motor inductance.
This value must be greater than zero and less than or equal to 65.535 mH.

Current Servo Loop Cut Off Frequency
Stages.ini file entry: DriverCurrentCutOffFrequency

The current servo loop cut off frequency, DriverCurrentCutOffFrequency (Hz), sets the
bandwidth of the internal driver current servo loop. The internal driver corrector
parameters are calculated automatically. This value has to be set in relation to the
bandwidth of the position servo loop (cf. § 3.4.1). This value must be greater than zero
and less than or equal to 3 kHz.

For a stage with a position servo loop cut off frequency between 20 and 50 Hz, the
current servo loop cut off frequency should be set between 200 and 500 Hz.

Current Monitoring Parameters

Needed entries in the configuration file:

e peak current limit: DriverMaximumPeakCurrent

e RMS current limit: DriverMaximumRMSCurrent
e RMS integration time: DriverRMSIntegrationTime

The peak current limit, DriverMaximumPeakCurrent (A), is the maximum allowed
motor current. If the motor current exceeds this value, a driver fault is generated. This
value must be greater than zero and less than or equal to 5 A.

The RMS current limit, DriverMaximumRMSCurrent (A), is the maximum allowed
RMS motor current. The RMS integration time DriverRMSIntegrationTime (s) defines
the integration time span. If the RMS motor current exceeds this value, a driver fault is
generated. The RMS Current limit must be greater than zero and less than or equal to 5
A. The RMS integration time must be greater than zero and less than or equal to 60 s.

There are many different methods to define these values. Here is a description of a
method used by Newport for standard products.

Application input:

e Because high accuracy needs, a maximum temperature raise of the motor coils by 20
°C is set to avoid thermal effects impacting the motion precision: AT — 20°C

e A ratio of 2 between the peak current limit and the RMS current limit is used. This
has been found to be a good approach in numerous precision motion applications
offering a good balance between throughput and precision: ¢ =2

Motor data
e motor torque constant: gz (N.m/Arms)
e motor constant or steepness: § (N*m*W)

e thermal resistance: Rﬁ(OC/W)

e thermal time constant: T, (s)

Driver data

e maximum driver current: I =5A
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Stage data
e ratio between motor rotation and stage displacement: (¢ (revolution/units)
e total inertia on the motor axis: J (kg.m?)
Notice: j= N AR A S
with J_, : motor rotor inertia (kg.m?)
Tt load inertia (kg.m?)
J :bearing, lead screw, ... inertia (kg.m?)
Calculations:
d Kr= foS,
where Rf (Q) is the motor resistance per phase
o R, xC pz

Tﬂ, - T

frxS
where: ¢ (N.m) is the motor peak torque and
P
¢ (°C/s) is the temperature rise at motor peak torque
e DriverMaximumRMSCurrent: I —mi AT xS 1
RMS — X7,I
R, x(1+0004xAs) Kt
e DriverMaximumPeakCurrent: I = min(7p,c xrx1.1L1__)
Notice: the coefficient 1.1 is the margin for the servo loop transient.
e DriverRMSIntegrationTime: min(z,, 35)
e ScalingAcceleration: 7 x Kt (units/s?)
Ay ™ L JxGx2x
o AccelerationLimit: - LY (units/s?)
= mml I — A
Aok mxrxeGfor’ m]
5.6.5 Maximum Allowed Motor Voltage
Stages.ini file entry: DriverMaximumMotorVoltage
The maximum allowed motor voltage, DriverMaximumMotorVoltage (V), sets the
maximum allowed output voltage of the driver.
5.7 XPS-DRV03 for Voltage Control

Stages.ini file entry:

DriverName = XPS-DRV03  ; for DRVO03 driver cards

or

DriverName = XPS-DRVO3H ; for DRVO3H driver cards
This setting of the motor driver model is used for DC motors controlled directly by the
motor voltage. The driver command interface must be set to voltage control (cf. § 4.2)
and the position servo loop type to PID with voltage output (cf. § 3.2). The XPS-
DRVO03 driver board supplies a maximum output of 5 A and 48 V. The XPS-DRVO03H
driver board supplies a maximum output of 1.58 A and 48 V.
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5.71

Current Monitoring Parameters

Needed entries in the configuration file:

e RMS current limit: DriverMaximumRMSCurrent
e RMS integration time: DriverRMSIntegrationTime

The RMS current limit, DriverMaximumRMSCurrent (A), is the maximum allowed
RMS motor current. The RMS integration time DriverRMSIntegrationTime (s) defines
the integration time span. If the RMS motor current goes beyond this value, a driver
fault is generated. The RMS Current limit must be greater than zero and less than or
equal to 5 A. The RMS integration time must be greater than zero and less than or equal
to 60 s.

There are many different methods to define these values. Here is a description of a
method used by Newport for standard products.

Application input:

e Because high accuracy needs, a maximum temperature raise of the motor coils by 20
°C is set to avoid thermal effects impacting the motion precision: AT = 20°C

e A ratio of 2 between the current limit (defined in the motor interface section) and the
RMS current limit is used. This has been found to be a good approach in numerous
precision motion applications offering a good balance between throughput and
precision: f=2

Motor data

e motor torque constant: gz (N.m/Arms)

e motor constant or steepness: § (N2.m?/W)

o thermal resistance: Rﬁ(OC/W)

e thermal time constant: T, (s)

Driver data

e maximum driver current: I =5A
Calculations:
. K= Iy‘ xS

where Rf (Q) is the motor resistance per phase

o R, xC pz
Tﬂ, = °
HrxS
Where: c, (N.m) is the motor peak torque and

oz (°C/s) is the temperature rise at motor peak torque

o DriverMaximumRMSCurrent: I —mi AT xS 1
RMS x— 1 .
R, x(1+0004xAr) Kt

*  CurrentLimit =min(l, xr1__’

> “max J

e DriverRMSIntegrationTime: min{z,, 35)
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5.8 XPS-DRV00 for Non-Configurable External Driver
Stages.ini file entry: DriverName = XPS-DRV00
The XPS-DRVOO is a pass-through board which is necessary when connecting the XPS
controller to an external motor driver. This setting of the motor driver model is
compatible with all driver command interfaces.
5.9 XPS-DRVO0P for Configurable External Driver
Stages.ini file entry: DriverName = XPS-DRVOOP
The XPS-DRVOOP (DRVO0O version 2) is a pass through board developed for the
CIEO05/CIE08 board. It is an interconnect board for external amplifiers connected to the
XPS controller. The XPS-DRVOOP is an XPX-DRVO0O0 card, but added with
Pulses/Direction outputs for stepper motor control (Pulse/Dir or Pulse+/Pulse- mode),
with an 12C communication link allowing the user to configure the configurable
external drivers (for example external XPS-DRV02, XPS-DRV03, XPS-D3PD6U or
XPS-EDBL Newport drivers).
How to use a configurable external driver?
A configurable external driver must be connected to the XPS controller
with an XPS-DRVOOP board.
XPS controller D6U box (External drivers)
XPS-DRVO0OP XPS-DRV02 Stage
XPS-DRVO0OOP XPS-DRV03 Stage2
XPS-DRVO01 Stage3
XPS-DRV02 Stage4
XPS-DRV03 Stage5
D6U box (External drivers)
XPS-DRVO0OOP XPS-D3PD6U Stage6
XPS-DRVOOP XPS-EDBL Stage7

NOTE

In the stages.ini file, the “DriverName” of your stage configuration must be
declared as XPS-DRV02, XPS-DRV03, XPS-D3PD6U or XPS-EDBL, but not XPS-
DRVO00P.

[Stagel]

DriverName = XPS-DRV02
[Stage2]

DriverName = XPS-DRV03
[Stage6]

DriverName = XPS-D3PD6U
[Stage7]

DriverName = XPS-EDBL
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5.10 NON_CONFIGURABLE_DRY for Directly Connected Non-
Configurable External Driver

Stages.ini file entry: DriverName = NON_CONFIGURABLE DRV

This type of DriverName is used when connecting the XPS controller to a non-
configurable external motor driver by a cable without use of a DRVO0/DRVOOP pass-
through card. This setting of the motor driver model is compatible with all driver
command interfaces.

5.11 XPS-DRVPx (x =1, 2, ...) for Piezo Driver
Stages.ini file entry: DriverName = XPS-DRVPx (x =1, 2, ...)

This type of DriverName is used with a piezo driver card. This setting of the motor
driver model is compatible only with

AnalogPositionPiezo driver command interfaces,

NoEncoderPosition or PIPosition corrector type.

Driver parameters

DriverNotchFrequency
DriverNotchBandwidth
DriverNotchGain
DriverLowpassFrequency
DriverKI
DriverFatalFollowingError
DriverStagePositionOffset

DriverTravelCorrection
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6.0 Position Encoder Interface
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6.1

6.1.1

6.1.2

6.1.3

The XPS controller supports 2 types of position encoder interfaces:
e AquadB differential

e AquadB differential with sine/cosine 1 Vpp

e AquadB differential THETA

e AquadB differential THETA with sine/cosine 1 Vpp THETA

RS422 Differential (AquadB)
Stages.ini file entry: EncoderType = AquadB

This encoder type is used when the position sensor delivers two square waves RS422 A
differential signals.

Stage Displacement per Encoder Count
Stages.ini file entry: EncoderResolution

The stage displacement per encoder count, EncoderResolution (units), sets the
resolution of the position encoder. It must be greater than zero.

NOTE

The encoder resolution is equal to 4-times the signal period (quadrature effect).

The Stage displacement per encoder count essentially defines the measurement units of
the stage. Many parameters are derived from this value, in particular all parameters with
units of length, such as velocities or accelerations. Therefore, it is critical this parameter
be set correctly for proper operation.

To calculate the Stage displacement per encoder count value all of the following must
be taken into account: the number of steps per revolution, screw pitch and any gear
reduction in the stage.

Linear Correction
Stages.ini file entry: LinearEncoderCorrection
LinearEncoderCorrection = ((Real increment/Rounded increment) - 1) * 1¢°

The linear correction, LinearEncoderCorrection (parts per million), sets the correction
applied to the EncoderResolution to compensate for linear error effects (see chapter
“Compensation/Linear Error Correction” in the XPS Motion Tutorial). This value must
be between £0.5*10°. A zero value disables this feature.

Corrected Re solution — (1 + LinearCorrectionx10™°) x Encoder Re solution

The default value is zero.

Stage Backlash
Stages.ini file entry: Backlash

The stage backlash, Backlash (units), sets the backlash compensation value applied to
the target position for a move (see chapter “Compensation/Backlash Compensation” in
the XPS Motion Tutorial). This value must be greater than or equal to zero (backlash
disabled).

The default value is zero.
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6.1.5

6.2

6.2.1

Gathering Cut Off Frequencies

Needed entries in the configuration file:

e gathering velocity cut off frequency: CurrentVelocityCutOffFrequency

e gathering acceleration cut off frequency: CurrentAccelerationCutOffFrequency

The gathering cut off frequencies, CurrentVelocityCutOffFrequency (Hz) and
CurrentAcceleration-CutOffFrequency (Hz), set the cut off frequencies for the low-pass
filters that get applied to the CurrentVelocity and CurrentAcceleration saved by the
gathering feature. This filter reduces the derivative noise. These values must be greater
than zero (filter disabled) and less than half of the servo loop frequency (8 kHz).

The default value is 100 Hz which is about five times greater than the bandwidth of the
position servo loop of a typical screw driven stage.

Positioner mapping parameters

Needed entries in the configuration file:

e file name: PositionerMappingFileName

e line number: PositionerMappingLineNumber

e maximum position error: PositionerMappingMaxPositionError

The PositionerMappingFileName defines the name of the mapping file used for the
positioner mapping compensation. No entry for the file name disables the feature.

The PositionerMappingLineNumber defines the number of data lines in the positioner
mapping file. This value must be greater than or equal to 3 and less than 200. This
parameter is primarily used as a check to confirm the correctness of the mapping file.

The PositionerMappingMaxPositionError (units) defines the maximum absolute value
of the error corrections in the mapping file. This parameter is primarily used as a check
to confirm the correctness of the mapping file.

Please refer to the XPS Motion Tutorial chapter “Compensation/Positioner Mapping”
for further information about the positioner mapping functionality.

RS422 Differential with 3 Encoders (AquadBTheta)
Stages.ini file entry: EncoderType = AquadBTheta

This encoder type is composed of three encoders and is used when the position sensor
delivers two square waves RS422 A differential signals.

NOTE

Same parameters as required with an AquadB encoder with additional parameters
required.

Theta Radius
Required entries in the configuration file:
Theta encoder radius: EncoderRadius

The encoder radius, EncoderRadius (XY *10-6), is the radius of the theta (three
encoders)
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6.2.2

6.3

6.3.1

6.3.2

X and Y Correction Limits

Required entries in the configuration file:

Limit of the correction X: MaximumEncoderCorrectionX
Limit of the correction Y: MaximumEncoderCorrectionY

The MaximumEncoderCorrectionX sets the maximum allowed correction for the X
positioner.

The MaximumEncoderCorrectionY sets the maximum allowed correction for the Y
positioner.

Sine/Cosine 1Vpp (AnalogInterpolated)
Stages.ini file entry: Analoglnterpolated

This encoder type is used when the position sensor delivers two 1 Vpp sine/cosine
signals that are interpolated by the XPS controller.

Resolution

Required entries in the configuration file:

e stage displacement per encoder period: EncoderScalePitch
e Encoder signal subdivisor: EncoderInterpolationFactor

The stage displacement per encoder period, EncoderScalePitch (units), sets the
displacement of the stage per encoder period. This parameter essentially defines the
measurement units of the stage. Many parameters are derived from this entry, in
particular all parameters with units of length, such as velocities or accelerations.
Therefore it is critical this parameter value is set correctly for proper operation of the
stage.

The Encoder signal subdivisor, EncoderInterpolationFactor, sets the interpolation
factor for the encoder signal interpolation. This value defines the resolution of the
CurrentPosition and SetpointPosition of the stage as follows:

Resolution = EncoderScalePitch/EncoderInterpolationFactor.

For a better understanding of the meaning of the CurrentPosition and SetpointPosition
see the XPS Motion Tutorial, chapter on natural units.

The EncoderiInterpolationFactor must be an integer value greater than or equal to 1 and
less than or equal to 32768.

The EncoderinterpolationFactor should be set relative to the position noise of the stage.
It is not recommended to set a position resolution that is far less than the amplitude of
the position noise. It is also important to note that the value of the
EncoderinterpolationFactor has no impact on the resolution of the position used for the
position servo loop. The position servo loop always uses calculations at the maximum
position resolution possible. For example, (EncoderScalePitch/32768).

Offsets Correction

Needed entries in the configuration file:

¢ sine channel offset correction: EncoderSinusOffset

e sine channel offset correction: EncoderCosinusOffset

The sine/cosine channel offset corrections, EncoderSinusOffset (V) and
EncoderCosinusOffset (V), set the offset values of the two encoder signals for
correction. They must be between £0.1 V. A zero value disables this feature.

The default value is zero.
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6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

Amplitude Correction
Stages.ini file entry: EncoderDifferentialGain

The amplitude correction, EncoderDifferentialGain, sets the amplitude correction of the
cosine signal amplitude. It must be between +0.1. A zero value disables this feature.

CorrectedCosine = (1 + EncoderDifferentialGain)x Cosine

The default value is zero.

Phase Correction
Stages.ini file entry: EncoderPhaseCompensation

The signal phase correction, EncoderPhaseCompensation (°), sets the phase correction
of the cosine signal phase. This correction is applied after the differential amplitude
correction. This value must be between 10 °. A zero value disables this feature.

Sinex sin(PhaseConwmation X 1:0) + CorrectedCosine

PhaseCorrectedCosine =
( T
PhaseCompensationx —
1 80)

The default value is zero.

Mechanical Zero Input Plug
Stages.ini file entry: EncoderZMPlug

The mechanical zero input plug, EncoderZMPlug, defines where the mechanical zero
signal is input. There are two possible settings:

Driver for mechanical zero through the driver board plug

Encoder for mechanical zero through the encoder driver board plug.

Linear Correction
Stages.ini file entry: LinearEncoderCorrection
LinearEncoderCorrection = ((Real increment/Rounded increment) - 1) * e°

The linear correction, LinearEncoderCorrection (parts per million), sets the correction
applied to the EncoderResolution to compensate for linear error effects (see chapter
“Compensation/Linear Error Correction” in the XPS Motion Tutorial). This value must
be between £0.5*10°. A zero value disables this feature.

Corrected Re solution — (1 + LinearCorrectionx10™°) x Encoder Re solution

The default value is zero.

Stage Backlash
Stages.ini file entry: Backlash

The stage backlash, Backlash (units), sets the backlash compensation value applied to
the target position for a move (see chapter “Compensation/Backlash Compensation” in
the XPS Motion Tutorial). This value must be greater than or equal to zero (backlash
disabled).

The default value is zero.
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6.3.8

6.3.9

6.4

6.4.1

Gathering Cut Off Frequencies

Needed entries in the configuration file:

e gathering velocity cut off frequency: CurrentVelocityCutOffFrequency

e gathering acceleration cut off frequency: CurrentAccelerationCutOffFrequency

The gathering cut off frequencies, CurrentVelocity CutOffFrequency (Hz) and
CurrentAcceleration-CutOffFrequency (Hz), set the cut off frequencies for low-pass
filters that are applied to the CurrentVelocity and CurrentAcceleration saved by the
gathering feature. These filters reduce derivative noise. They must be greater than zero
(filter disabled) and less than half of the servo loop frequency (8 kHz).

The default value is 100 Hz which is about five times greater than the bandwidth of the
position servo loop of a typical screw driven stage.

Positioner Mapping Parameters

Configuration file entries:

e file name: PositionerMappingFileName

e line number: PositionerMappingLineNumber

e maximum position error: PositionerMappingMaxPositionError

The PositionerMappingFileName defines the name of the mapping file used for the
positioner mapping compensation. No entry for the file name disables the feature.

The PositionerMappingLineNumber defines the number of data lines in the positioner
mapping file. This value must be greater than or equal to 3 and less than 200. This
parameter is primarily used as a check to confirm the correctness of the mapping file.

The PositionerMappingMaxPositionError (units) defines the maximum absolute value
of the error corrections in the mapping file. This parameter is primarily used as a check
to confirm the correctness of the mapping file.

Please refer to the XPS Motion Tutorial, chapter “Compensation/Positioner Mapping”
for further information about the positioner mapping functionality.

Sine/Cosine 1 Vpp (AnalogInterpolatedTheta)
Stages.ini file entry: EncoderType = AnaloginterpolatedTheta

This encoder type is composed of three encoders and is used when the position sensor
delivers two 1 Vpp sine/cosine signals that get interpolated by the XPS controller.

NOTE

These parameters are the same as for AnalogInterpolated Encoder, with additions.

Theta Radius
Needed entries in the configuration file:
Theta encoder radius: EncoderRadius

The encoder radius, EncoderRadius (XY *10°), is the radius of the theta (three
encoders)
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6.4.2 X and Y Correction Limits
Needed entries in the configuration file:
Limit of the correction X: MaximumEncoderCorrectionX
Limit of the correction Y: MaximumEncoderCorrectionY

The MaximumEncoderCorrectionX sets the maximum allowed correction for the X
positioner.

The MaximumEncoderCorrectionY sets the maximum allowed correction for the Y
positioner.
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7.0  Limit Sensors Input Plug
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7.1.2

7.1.3

The XPS controller supports 3 settings for the limit sensors input plug:
e Driver board

e Encoder board

e None for spindle group

e None for piezo driver

The choice of the setting for the limit sensor input plug depends on where these signals
are electrically connected to the XPS controller: Through the plug on the driver board or
through the plug on the encoder board. The setting none for spindle group is only used
for spindle groups.

The limit sensor input plug setting is made with other stage settings, such as: maximum
stage travel, maximum commandable speeds and accelerations, etc.

Driver Board
Stages.ini file entry: ServitudesType = Standard EORDriverPlug

This setting is used when the travel limit signals are wired to the XPS controller through
the driver board plug.

Minimum Position
Stages.ini file entry: MinimumTargetPosition

The minimum position, MinimumTargetPosition (units), sets the minimum allowed
position for any move command. This value must be less than the maximum position.

Maximum Position
Stages.ini file entry: MaximumTargetPosition

The maximum position, MaximumTargetPosition (units), sets the maximum allowed
position for any move command. This value must be greater than the Home Preset.

\ | |
Traval.« Tréve,im oriéin Traveinf+ Travedad

Figure 32: Minimum and maximum travel positions

Home Position
Stages.ini file entry: HomePreset

The home position, HomePreset (units), sets the position value of the home reference.
This value must be between the minimum position (cf. § 7.2.1) and the maximum
position (cf. § 7.2.2).

Maximum Velocity
Stages.ini file entry: MaximumVelocity

The maximum velocity, MaximumVelocity (units/s), sets the maximum velocity the
stages can be commanded to move. This value must be greater than zero and less than
or equal to the stage velocity at maximum command (cf. § 4.1.1).

When used with stepper motors and sine/cosine position control the value for the
maximum velocity must be less than or equal to the DisplacementPerFullStep (cf.
§4.4.2) multiplied by the servo loop frequency (8 kHz). For smooth operation, however,
we recommend to not exceed one quarter of this maximum possible value.
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7.1.5 Maximum Acceleration
Stages.ini file entry: MaximumAcceleration

The maximum acceleration, MaximumAcceleration (units/s?), sets the maximum
acceleration the stage can be commanded to move. This value must be greater than zero
and less than or equal to the stage acceleration at maximum command (cf. § 4.3.1).

The recommended value for smooth displacement is four times the maximum velocity.

7.1.6 SGamma Profile Generator Jerk Times
Required entries in the configuration file:
e SGamma profile generator minimum jerk time: MinimumJerkTime
e SGamma profile generator maximum jerk time: MaximumJerkTime

The SGamma profile generator jerk times, MinimumJerkTime (s) and
MaximumJerkTime (s), set the jerk times of the SGamma profile generator. The
minimum jerk time must be less than the maximum jerk time and greater than or equal
to the profile generator cycle period (0.4 ms).
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Figure 33: SGamma motion profile.
The recommended values for smooth displacement are:
*  MaxinmmJerkTime = 0.055
*  MinimumJerkTime = 0.0055

For more information about the SGamma motion profiler, see also the XPS Motion
Tutorial, chapter “Motion Profiles”.

7.1.7 Emergency Deceleration Multiplier
Stages.ini file entry: EmergencyDecelerationMultiplier

The emergency deceleration multiplier, EmergencyDecelerationMultiplier, defines the
ratio between the emergency deceleration during an emergency brake and the normal
deceleration during normal brake. This value must be greater than or equal to one.

The default setting is 4.
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7.2

7.2.1

7.2.2

7.2.3

7.2.4

Tracking Mode Filter Cut Off Frequency
Stages.ini file entry: TrackingCutOffFrequency

The tracking mode filter cut off frequency, TrackingCutOffFrequency (Hz), sets the cut
off frequency of the filter applied to the tracking input. This frequency must be at least
ten times less than the servo loop bandwidth to have a proper tracking. This value must
be also greater than or equal to zero (disable) and less than or equal to half of the profile
generator cycle frequency (2500 Hz).

The default setting is 5 Hz.

Encoder Board

This setting is used when the travel limit and home signals are wired to the XPS
controller through the encoder board plug.

Stages.ini file entries (for CIEOS cards and further):

1. All travel limit and home signals are wired to the XPS controller through the
encoder board plug:

ServitudesType = StandardLimitAndHomeEncoderPlug (obsolete name:
StandardEOREncoderPlug)

2. Only travel limit signals are wired to the XPS controller through the encoder board
plug:
ServitudesType = StandardLimitAndLimitEncoderPlug

Minimum Position
Stages.ini file entry: MinimumTargetPosition

The minimum position, MinimumTargetPosition (units), sets the minimum allowed
position for any move command. This value must be less than the maximum position.

Maximum Position
Stages.ini file entry: MaximumTargetPosition
The maximum position, MaximumTargetPosition (units), sets the maximum allowed
position for any move command. This value must be greater than the Home Preset.
| | |

Travelpea Tra%rel,,ﬂ— orl éin Trave],,l.,ﬁJr Travelpgt

Figure 34: Minimum and maximum travel positions.

Home Position
Stages.ini file entry: HomePreset

The home position, HomePreset (units), sets the position value of the home reference.
This value must be between the minimum position (cf. § 7.2.1) and the maximum
position (cf. § 7.2.2).

Maximum Velocity
Stages.ini file entry: MaximumVelocity

The maximum velocity, MaximumVelocity (units/s), sets the maximum velocity the
stages can be commanded to move. This value must be greater than zero and less than
or equal to the stage velocity at maximum command (cf. § 4.1.1).

When used with stepper motors and sine/cosine position control the value for the
maximum velocity must be less than or equal to the DisplacementPerFullStep (cf.
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§4.4.2) multiplied by the servo loop frequency (8 kHz). For smooth operation, however,
we recommend not to exceed one quarter of this maximum possible value.

7.2.5 Maximum Acceleration
Stages.ini file entry: MaximumAcceleration

The maximum acceleration, MaximumAcceleration (units/s?), sets the maximum
acceleration the stage can be commanded to move. This value must be greater than zero
and less than or equal to the stage acceleration at maximum command (cf. § 4.3.1).

The recommended value for smooth displacement is four times the maximum velocity.

7.2.6 SGamma Profile Generator Jerk Times
Configuration file entries:
e SGamma profile generator minimum jerk time: MinimumJerkTime
¢ SGamma profile generator maximum jerk time: MaximumJerkTime

The SGamma profile generator jerk times, MinimumJerkTime (s) and
MaximumJerkTime (s), set the jerk times of the SGamma profile generator. The
minimum jerk time must be less than the maximum jerk time and greater than or equal
to the profile generator cycle period (0.4 ms).

Tierk
Accelerabon _
Profile

Position
Profile

Figure 35: SGamma motion profile.
The recommended values for a smooth displacement are:
*  MaxinmmlIetkTime = 0055

¢  MinimunJerkTime = 0.005s

For more information about the SGamma motion profiler, see also the XPS Motion
Tutorial, chapter “Motion Profiles”.

7.2.7 Emergency Deceleration Multiplier
Stages.ini file entry: EmergencyDecelerationMultiplier

The emergency deceleration multiplier, EmergencyDecelerationMultiplier, defines the
ratio between the emergency deceleration during an emergency brake and the normal
deceleration during normal brake. It must be greater than or equal to one.

The default setting is 4.
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7.2.8

7.3

7.3.1

7.3.2

7.3.3

7.3.4

7.3.5

Tracking Mode Filter Cut Off Frequency
Stages.ini file entry: TrackingCutOffFrequency

The tracking mode filter cut off frequency, TrackingCutOffFrequency (Hz), sets the cut
off frequency of the filter applied to the tracking input. This frequency must be at least
ten times less than the servo loop bandwidth to avoid poor tracking. It must be also
greater than or equal to zero (disable) and less than or equal to half of the profile
generator cycle frequency (2500 Hz).

The default setting is 5 Hz.

None for Spindle Group
Stages.ini file entry: ServitudesType = Spindle

This setting can only be used with stages configured as spindle groups. It disregards the
end of run detection, even if the signals are present.

Spindle Period
Stages.ini file entry: SpindlePeriod

The SpindlePeriod (units) sets the period of the spindle rotation. This value must be
greater than zero.

Home Position
Stages.ini file entry: HomePreset

The home position, HomePreset (units), sets the position value of the home reference.
This value must be greater than zero and less than the SpindlePeriod (cf. § 7.3.1).

Maximum Velocity
Stages.ini file entry: MaximumVelocity

The maximum velocity, MaximumVelocity (units/s), sets the maximum velocity the
stages can be commanded to move. This value must be greater than zero and less than
or equal to the stage velocity at maximum command (cf. § 4.1.1).

When used with stepper motors and sine/cosine position control the value for the
maximum velocity must be less than or equal to the DisplacementPerFullStep (cf.
§4.4.2) multiplied by the servo loop frequency (8 kHz). For smooth operation, however,
we recommend not to exceed one quarter of this maximum possible value.

Maximum Acceleration
Stages.ini file entry: MaximumAcceleration

The maximum acceleration, MaximumAcceleration (units/s?), sets the maximum
acceleration the stage can be commanded to move. This value must be greater than zero
and less than or equal to the stage acceleration at maximum command (cf. § 4.3.1).

The recommended value for smooth displacement is four times the maximum velocity.

SGamma Profile Generator Jerk Times

Configuration file entries:

e SGamma profile generator minimum jerk time: MinimumJerkTime
e SGamma profile generator maximum jerk time: MaximumJerkTime

The SGamma profile generator jerk times, MinimumJerkTime (s) and
MaximumdJerkTime (s), set the jerk times of the SGamma profile generator. The
minimum jerk time must be less than the maximum jerk time and greater than or equal
to the profile generator cycle period (0.4 ms).
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Figure 36: SGamma motion profile.
The recommended values for a smooth displacement are:
*  MaxinmmJerkTime = 0.055
*  MinimumJerkTime = 0.0055

For more information about the SGamma motion profiler, see also the XPS Motion
Tutorial, chapter “Motion Profiles”.

7.3.6 Emergency Deceleration Multiplier
Stages.ini file entry: EmergencyDecelerationMultiplier

The emergency deceleration multiplier, EmergencyDecelerationMultiplier, defines the
ratio between the emergency deceleration during an emergency brake and the normal
deceleration during normal brake. This value must be greater than or equal to one.

The default setting is 4.

7.3.7 Tracking Mode Filter Cut Off Frequency
Stages.ini file entry: TrackingCutOffFrequency

The tracking mode filter cut off frequency, TrackingCutOffFrequency (Hz), sets the cut
off frequency of the filter applied to the tracking input. This frequency must be at least
ten times less than the servo loop bandwidth for proper tracking. This value must be
also greater than or equal to zero (disable) and less than or equal to half of the profile
generator cycle frequency (2500 Hz).

The default setting is 5 Hz.

7.4 None for Piezo Driver
Stages.ini file entry: ServitudesType = Piezo

This setting can only be used with piezo stages. It disregards the end of run detection,
even if the signals are present.
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8.0 Home Search Process
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8.1

8.1.2

8.1.3

The XPS controller supports 7 different home search processes:
e mechanical zero only

e mechanical zero and index

e minus end of run only

e minus end of run and index

e current position as home

e plus end of run only

e index only

The choice depends on the availability of reference signals such as: a mechanical zero
signal, a minus end of run signal or an index signal.

For more information about the possible home search processes, please refer to the XPS
Motion Tutorial, chapter “Home Search”.

Mechanical Zero Only
Stages.ini file entry: HomeSearchSequenceType = MechanicalZeroHomeSearch

This home search process is used only when the mechanical zero signal is used for the
home search.

M7 signal 4 origin

home search

v

b time

Figure 37: Mechanical zero home search process.

Maximum Velocity
Stages.ini file entry: HomeSearchMaximum/Velocity

The home search maximum velocity, HomeSearchMaximumVelocity (units/s), sets the
maximum velocity of the profile generator during the home search process. It must be
greater than zero and less than or equal to the MaximumVelocity (cf. § 7.2.4).

The default value is one half of the Maximum/Velocity.

Maximum Acceleration
Stages.ini file entry: HomeSearchMaximumAcceleration

The home search maximum acceleration, HomeSearchMaximumAcceleration (units/s?),

sets the maximum acceleration of the profile generator during the home search process.

This value must be greater than zero and less than or equal to the MaximumAcceleration
(cf. § 7.2.5).

The default value is one half of the maximum acceleration.

Time Out
Stages.ini file entry: HomeSearchTimeOut

The home search time out, HomeSearchTimeOut (s), sets the time out value for the
home search process. When the HomeSearchTimeOut time is elapsed and the home
search process is not yet finished, the XPS controller will generate an emergency stop
and will abort the home search process. The HomeSearchTimeOut value must be greater
than or equal to the profile generator period (400 ps).
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8.2 Mechanical Zero and Index
Stages.ini file entry:
HomeSearchSequenceType = MechanicalZeroAndIndexHomeSearch

This home search process is used when both the mechanical zero signal and the index
signal are used for the home search.

origin
MZ Sigl]ﬂl A

»

» {ime
home search Siop afier origin defection, search im the
*iopposie direction with half the velocity

Stop afler orgin detection, search in the opposite direction
with 1/1¢ of the programmed home seach speed
Encoder pulse

, Siop 4 the next encoder pnke

Figure 38: Mechanical zero and index home search process.

8.2.1 Maximum Velocity
Stages.ini file entry: HomeSearchMaximumVelocity

The home search maximum velocity, HomeSearchMaximumVelocity (units/s), sets the
maximum velocity of the profile generator during the home search process. This value
must be greater than zero and less than or equal to the MaximumVelocity (cf. § 7.2.4).

The default value is one half of the MaximumVelocity.

8.2.2 Maximum Acceleration
Stages.ini file entry: HomeSearchMaximumAcceleration

The home search maximum acceleration, HomeSearchMaximumAcceleration (units/s?),
sets the maximum acceleration of the profile generator during the home search process.

This value must be greater than zero and less than or equal to the MaximumAcceleration
(cf. § 7.2.5).

The default value is one half of the maximum acceleration.

8.2.3 Time Out
Stages.ini file entry: HomeSearchTimeOut

The home search time out, HomeSearchTimeOQOut (s), sets the time out value for the
home search process. When the HomeSearchTimeOut time is elapsed and the home
search process is not yet finished, the XPS controller will generate an emergency stop
and will abort the home search process. The HomeSearchTimeOut value must be greater
than or equal to the profile generator period (400 ps).
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8.3

8.3.1

8.3.2

8.3.3

Minus End of Run Only Search Process
Stages.ini file entry: HomeSearchSequenceType = MinusEndOfRunHomeSearch
This home search process is used only when the minus end of run signal is used for the

home search.

MZ sigpml A origin = travel -

home search

\

A 4

time

Figure 39: Minus end of run home search process.

Maximum Velocity
Stages.ini file entry: HomeSearchMaximumVelocity

The home search maximum velocity, HomeSearchMaximumVelocity (units/s), sets the
maximum velocity of the profile generator during the home search process. This value
must be greater than zero and less than or equal to the MaximumVelocity (cf. § 7.2.4).

The default value is one half of the MaximumVelocity.

Maximum Acceleration
Stages.ini file entry: HomeSearchMaximumAcceleration

The home search maximum acceleration, HomeSearchMaximumAcceleration (units/s?),
sets the maximum acceleration of the profile generator during the home search process.

This value must be greater than zero and less than or equal to the MaximumAcceleration
(cf. § 7.2.5).

The default value is one half of the maximum acceleration.

Time Out
Stages.ini file entry: HomeSearchTimeOut

The home search time out, HomeSearchTimeOut (s), sets the time out value for the
home search process. When the HomeSearchTimeOut time is elapsed and the home
search process is not yet finished, the XPS controller will generate an emergency stop
and abort the home search process. The HomeSearchTimeOut value must be greater
than or equal to the profile generator period (400 ps).
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8.4

8.4.1

8.4.2

8.4.3

8.5

Minus End of Run and Index Search Process
Stages.ini file entry:
HomeSearchSequenceType = MinusEndOfRunAndIndexHomeSearch

This home search process is used when both the minus end of run signal and the index
signal are used for the home search.

origin = travel -
MZ sgnal
I L"|il1f.:
home search »
Encoder pulse N
N O O
T tme

|
Figure 40: Minus end of run and index home search process.

Maximum Velocity
Stages.ini file entry: HomeSearchMaximum/Velocity

The home search maximum velocity, HomeSearchMaximumVelocity (units/s), sets the
maximum velocity of the profile generator during the home search process. This value
must be greater than zero and less than or equal to the MaximumVelocity (cf. § 7.2.4).

The default value is one half of the MaximumVelocity.

Maximum Acceleration
Stages.ini file entry: HomeSearchMaximumAcceleration

The home search maximum acceleration, HomeSearchMaximumAcceleration (units/s?),

sets the maximum acceleration of the profile generator during the home search process.

This value must be greater than zero and less than or equal to the MaximumAcceleration
(cf. § 7.2.5).

The default value is one half of the maximum acceleration.

Time Out
Stages.ini file entry: HomeSearchTimeOut

The home search time out, HomeSearchTimeOut (s), sets the time out value for the
home search process. When the HomeSearchTimeOut time is elapsed and the home
search process is not yet finished, the XPS controller will generate an emergency stop
and abort the home search process. The HomeSearchTimeOut value must be greater
than or equal to the profile generator period (400 us).

Current Position As Home
Stages.ini file entry:
HomeSearchSequenceType = CurrentPositionAsHome

This home search process is used when the current position is defined as the home
position. There are no parameters to set for this process.
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8.6

8.6.1

8.6.2

8.6.3

8.7

8.7.1

Plus End of Run Only Search Process
Stages.ini file entry: HomeSearchSequenceType = PlusEndOfRunHomeSearch
This home search process is used only when the plus end of run signal is used for the

home search.

MZ signal 4 origin = travel +

home search

\d
r

Figure 41: Plus end of run home search process.

Maximum Velocity
Stages.ini file entry: HomeSearchMaximumVelocity

The home search maximum velocity, HomeSearchMaximumVelocity (units/s), sets the
maximum velocity of the profile generator during the home search process. This value
must be greater than zero and less than or equal to the MaximumVelocity (cf. § 7.2.4).

The default value is one half of the MaximumVelocity.

Maximum Acceleration
Stages.ini file entry: HomeSearchMaximumAcceleration

The home search maximum acceleration, HomeSearchMaximumAcceleration (units/s?),

sets the maximum acceleration of the profile generator during the home search process.

This value must be greater than zero and less than or equal to the MaximumAcceleration
(cf. § 7.2.5).

The default value is one half of the maximum acceleration.

Time Out
Stages.ini file entry: HomeSearchTimeOut

The home search time out, HomeSearchTimeOut (s), sets the time out value for the
home search process. When the HomeSearchTimeOut time is elapsed and the home
search process is not yet finished, the XPS controller will generate an emergency stop
and abort the home search process. The HomeSearchTimeOut value must be greater
than or equal to the profile generator period (400 ps).

Index Only Search Process
Stages.ini file entry: HomeSearchSequenceType = IndexHomeSearch

This home search process is used only when the plus end of run signal is used for the
home search.

MZ signal &

otigiu = index Vindex = HomeS , first in positive direc tion.
If up to EOR+ 1 not found yer, redo ndex
search in negative direction.
home search
P .-
> time

Figure 42: Index home search process.

Maximum Velocity
Stages.ini file entry: HomeSearchMaximum/Velocity

The home search maximum velocity, HomeSearchMaximumVelocity (units/s), sets the
maximum velocity of the profile generator during the home search process. This value
must be greater than zero and less than or equal to the MaximumVelocity (cf. § 7.2.4).
The default value is one half of the MaximumVelocity.
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The index home search velocity is set to HomeSearchMaximumVelocity/2.

8.7.2 Maximum Acceleration
Stages.ini file entry: HomeSearchMaximumAcceleration

The home search maximum acceleration, HomeSearchMaximumAcceleration (units/s?),

sets the maximum acceleration of the profile generator during the home search process.

This value must be greater than zero and less than or equal to the MaximumAcceleration
(cf. § 7.2.5).

The default value is one half of the maximum acceleration.

8.7.3 Time Out
Stages.ini file entry: HomeSearchTimeOut

The home search time out, HomeSearchTimeOut (s), sets the time out value for the
home search process. When the HomeSearchTimeOut time is elapsed and the home
search process is not yet finished, the XPS controller will generate an emergency stop
and abort the home search process. The HomeSearchTimeOut value must be greater
than or equal to the profile generator period (400 ps).
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9.0 Index
This index bases on the parameter names used in the stages.ini configuration file.
AnalogAcceleration.................ccoeceeeeeeeeeieeceieiieeeeeenene 34 PositionerMappingLineNumber ..............c...c..cc......... 59
AccelerationLimit.................cccccoevveveieveeiiieeeeennens 34 PositionerMappingMaxPositionEvror....................... 59
ScalingAcceleration..................cccocceeveeveenieeiaeenannnn. 34 COTTECLOFTYPC. ... 8
AnalogDualSin60/90/120Acceleration.............................. 38 CurrentPositionASHOME ..............ccccceveievoeioiiiiieniee, 73
AccelerationLimit.................ccccevvveeieoeniiieneeneene 39 DFIiverNGme ..........cccccovciiiiiiiiiieeeee e 43
FirstMotorBalance.................ueeeeeenn 40 EncoderType .........ccooevveiiiiiiiiiiiieiieeeeee 585962
MagneticTrackPeriod. ................cccccoooeioenceeniancannn. 39 HomeSearchSequenceType.............ccooeeoeiveioiioeannann, 70
ScalingAcceleration................ccccooeeuveieenccancaeean, 39 MechanicalZeroAndIndexHomeSearch ............................ 71
SecondMotorBalance.................ccccoocevovencianiaennnnnn. 40 HomeSearchMaximumAcceleration .......................... 71
Analoglnterpolated .................ccccovvevieiiiiiiiieiiaiiannnene 60 HomeSearchMaximumVelocity................ccccoevenn.n. 71
Backlash...............ccocooovioiioiiiiiiiiiiiiieee 61 HomeSearchTimeQut.................cccoocevoivoinceancannn, 71
CurrentAccelerationCutOffFrequency....................... 62 MechanicalZeroHomeSearch................cccoovveecveiceennnnan, 70
CurrentVelocityCutOffFrequency..............c.ccoeuven... 62 HomeSearchMaximumAcceleration .......................... 70
EncoderCosinusOffSet ...........cccoevvvveevveenieniaieennn, 60 HomeSearchMaximumVelocity.............cccoeeveveunennn... 70
EncoderDifferential Gain ..................cc.cccoevveevvannannnnn. 61 HomeSearchTimeQut..................ccccccevevvveeeennennns. 70
EncoderInterpolationFactor.....................cccccoeuu... 60 MinusEndOfRunAndIndexHomeSearch............................ 73
EncoderPhaseCompensation....................ccuccuceeuce.. 61 HomeSearchMaximumAcceleration .......................... 73
EncoderScalePitch...................cccccoceeeccininninicnnnne. 60 HomeSearchMaximumVelocity.................cccocenunnen. 73
EncoderSinusOffset.............cccocvviviinciocninnninicnnne. 60 HomeSearchTimeOut...............cccoccvcieciiocccncnnnncn, 73
EncoderZMPIUG.............c.ccccovviiiiiiiiiciiiininiicee, 61 MinusEndOfRunHomeSearch................ccccoceeceeninnnne. 72
LinearEncoderCorrection..................ccccceuceeeeeecanne. 61 HomeSearchMaximumAcceleration .......................... 72
PositionerMappingFileName................ccccccoovuvenun.n. 62 HomeSearchMaximumVelocity..............ccccevcvvevnnnnn.. 72
PositionerMappingLineNumber.................c..ccccoeeuu... 62 HomeSearchTimeQut...............cccoevuveviveenceeenreannneane. 72
PositionerMappingMaxPositionError ....................... 62 MotorInterfaceTVpe .............cceceeeenieniaeeiese e, 30
ANALIOGPOSITION .......c.vveieeeei e 36,42 NOENCOAETPOSTHION............oocvveeeeiiieeeesiieeeeeie e 29
MaximumTargetPositionVoltage...................ccoee.... 37 PIDDualFFVoltage.............ccooevoveaiiiiaiieeeeeeee e 14
MinimumTargetPositionVoltage...............c.cc.cc....... 36 CloSedLOOPSIAIUS ..........ccceeeeiiiiiieiiieeeeee 17
AnalogSin60/90/120Acceleration...................cccceevennne.. 37 DerivativeCutOffFrequency ............ccoocveeeeceeeeennnen. 14
AccelerationLimit.................ccccccoevvevcieeceaiiieieenene 37 FatalFollowingError............cccccovveveveeeiciaeeaienenn, 17
InitializationAcceleration ...................ccccoovn..... 34,38 FFICHON .o 18
MagneticTrackPeriod..................ccccooevininvinicnnne. 38 GED.....ooiiiiiiiteee 16
ScalingAcceleration...............c..cccocceeeeveeneenraeenannnn, 37 GKI ... 16
AnalogStepperPoOSItion..............ccceeeeeeeoiiceieneeeeeene 35 GEKP ..o 16
BaseVelocity ...........ccoooiioiiiiiiiiiiiiieeeee 36 IntegrationTime ..............ccccovoeioiiiiinciieie e, 14
DisplacementPerFullStep ............cc.ccoveevvevveenenane.. 35 KD oo 14
PeakCurrentPerPhase.................cccocceecuenencnnnnnne. 35 KFeedForwardVelocCity ...........cccuvvciivnocccncnnnncnn, 14
ScalingCurrent...............ccoucueeeeiiioiieieee e 35 KFeedForwardVelocityOpenLoop............................. 14
StandbyPeakCurrentPerPhase ................cccccccvnn... 35 KFOFM ..o 16
ANGLOGVElOCILY ... 30 Koo 14
CUrrentLimit ...........cccccccvoiiiiiniiiniiiiiiineeecce 31 KP oo 14
SCalin@CUITent..............cccoovvevieiieiiieeieee e, 30 KIS 14
ScalingVeloCity ..........ccccvevveeviiiiiiiiiieseese e 30 MotionDoneMode..............ccccoocveviiooiioiioiniinian, 19
VeloCItyLimit..............c..ccocvecvmnianieieieeeeeee e 30 NotchBandWidthl .............ccccoooviviiiociiiiiiieen, 18
AnaloglVoltage...............ccccoceeoiioiniiiiiiiiiiiieisie e 32 NotchBandWidth?................cccocovciviiiciioincneninea, 18
CUPTENELIMIL ... 33 NOtChFrequencyl..............cccovvvvevveveaiiiieeienieenenn, 18
ScalingVoltage.............ccoovveveieeiicieieieiieeee e 32 NOtChFTrequency2..............cccoevvveveeneaiiacieeieeeeennenn, 18
VOoltageLimit .............c..ccooccveiieiiiiaiieiieeee e 32 NOLCRGAINI ..., 18
AGUAAB. ... 58,59,62 NOLCRGAIN2..........cooovieieiieeeeeeee e, 18
Backlash.............cccocoooviiiioiiiiiiiiiiiniiic 58 PIDFFAcceleration.................ccccocuceicinoiacesieene, 19,24
CurrentAccelerationCutOffFrequency....................... 59 ClosedLoopStatus .............ccccevveeeciiviiciseaienne 22,25
CurrentVelocity CutOffFrequency..............ccccceueen... 59 DeadBandThreshold.................ccccccooovevceioiiicenanen. 23
EncoderResolution.................ccocevcveeiaoiiencenennn. 58 DerivativeCutOffFrequency ..........c.coeceeeeveceaeennnene. 20
LinearEncoderCorrection............ccccceeeeeeeeeeeeeeeeeeeeenn. 58 FatalFollowingError............ccccccoeeieeiiiceiieaien. 22,25
PositionerMappingFileName.................cccccooceeeenn... 59 GED....ooiieet et 21
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GKI .o 21 DigitalStepperDirectionLogic ............c..cccceevueeeunnnn. 41
GEKP oot 21 DigitalStepperPulseLogic.............cccocvvevcueenierannann. 41
IntegrationTime ...........cccccooveeviiioiiviiiinienee, 20,24 DisplacementPerFullStep .............c.cccocvveeivennannnen. 41
KD 20,24 MicroStepsPerFullStep...............cccocvvicveccncnincninn 42
KFeedForwardAcceleration.....................c..cccccueee... 20 ServitudesTYPe ...........cccccecueciceiiiniiiiiiteteeeee e, 64
KO M ..ot 21 SPIRALE ...t 68,69
KT oo 20,24 EmergencyDecelerationMultiplier ............................ 69
KP oo 20,24 HOMEPTESEL ...t 68
Koo 20,24 MaximumAcceleration..................cccoccevcenceencennnnnne. 68
MotionDoneMode...............ccccocivciniiioincisoiaenne 24 MaximumJerkTime ..............cccccoovveviniiniananenene, 68
NotchBandWidthl .............ccccoeveveviiveiennennnne. 23,25 MaximumVeloCity .............ccovuevveeveeciaeiiieeieeeeennenn, 68
NotchBandWidth?...............ccccocevoieoineneninen, 23,25 MinimumJerkTime ..............cccccooeioiiiiioiecaeieieiee, 68
NotchFrequencyl............c.ccccovevvecieceeieennannnane. 23,25 SPInAIePeriod ...............ccccoveeciiecieeiieiiiesieseeennnn 68
NOtChFrequency2............c..ccccovevveceeveeieennennnann 23,25 TrackingCutOffFrequency.............cccoocveveeceeneenncenn. 69
NOtChGainl ...........ccc..ccooeeveiiiiiiiiieieiiiieeeeee 23,25 StandardEORDrIVerPIUgG ............c..ccooooveveiiieiaiieienen 64
NOIChGAIN2.........ccoovieeeiiiii it 23,25 EmergencyDecelerationMultiplier .......................... 65
PIDFFVEIOCItY ...ttt 8 HomePreset .............ccccccocvciviiniiniiiniioiiiiieneea, 64
CloSedLOOPSIALUS ...........ccccccuvveeeinininiiiiiiicieene 11 MaximumAcceleration.................ccccoeeeencenccnencnnn. 65
DeadBandThreshold................ccccoceveieiciicinnannn. 12 MaximumJerkTime ............cccccocovivceioicoencninincan, 65
DerivativeCutOffFrequency............c.ccuceeueenceeneenennne. 9 MaximumTargetPosition .............c.ccccccoevicnvienncenn. 64
FatalFollowingError ............cccoccovveevciiviioininien, 12 MaximumVeloCity .........ccooooevveiveiiiniei e, 64
GED ...t 10 MinimumJerkTime ..............c.cccooevvenovanciiiiieien, 65
GKI ..o 10 MinimumTargetPOSition ..............cccoceveveeeeceaeennnnn. 64
GEP ..o 10 TrackingCutOffFrequency.............cccccoeceeeeveceeeeenncnn. 66
IntegrationTime ..............c.ccccoovvevieceiecereieeieeeieeieeeenns 9 StandardEOREncoderPlug
KD ..o 9 EmergencyDecelerationMultiplier ............................ 67
KFeedForwardVelocCity ..........cccouvveeveiveioeineannaen, 9 HOMEPTeSet ..........coccoeveeiiiiieieieieeese e 66
KFOPM oo 10 MaximumAcceleration..................ccccooeeveencveneennnnn. 67
KL oo 9 MaximumJerkTime ..............ccocevveniiioiiiiienen, 67
KP oo 9 MaximumTargetPoSTtion ...............cccooeeveiinicenecnnne. 66
KIS 9 MaximumVeloCity .........ccocevoeiieeiiieieie e, 66
MotionDoneMode................ccccocvrvinoiiniiiniiiaeanen, 13 MinimumJerkTime .............cccccovevviniincciiiioeeinean, 67
NotchBandWidthl ..............ccccoovevvveviiinieaniieenennn 13 MinimumTargetPosSition ...............cccevvveeceiniveeneen, 66
NotchBandWidth2..............cccooveviiiiiceiiiaciieieeieenin, 13 TrackingCutOffFrequency...............cccoceeeeeeeenvennnnn. 68
NOtChFrequencyl .............cccccceveniniiiiieieneccennne 13 URGE ..o 2
NOtChFrequency2............cccccoeevioiioenceenieeeeaeens 13 XPS-DRVOO ..ottt 56,57
NOtChGAINI ...t 13 XPS-DRVOI ....oooviviiiiiiiiiiiiiiienet e 43,46
NOIChGAIN2.........cooiiiiiiieee e 13 DriverErrorAmplifierGain .............c.ccccccoceveeenennnn. 43
PIPOSIION. .......oocuiiiiiiiee et 26 DriverPWMFErequency ............ccccccevveenciencanane. 43,46
CloSedLOOPSIAIUS .........coeoveeiiiiiiiaiiieeeee e 27 DriverStepperWinding............c..cccoccvcceceevcccnenennen. 46
DeadBandThreshold..................cccooccvovacivoioencnnne, 28 DriverTachometerGain................cccccceveeieenoeennannnen. 43
FatalFollowingError .............cc.cccooveveveeieniaciiaieenns 28 XPS-DRVO2 .......ooovveiiiiiiiiciiiieeeeeeiee 47,49,52,54
IntegrationTime ............ccccccceevvieecciiiiiiieiieee 27 DriverCutOffFrequency............ccovueeveeeeceeeeeeeennnenn, 47
KT oo 27 DriverMaximumPeakCurrent...............cc.cccoceveeenncenn. 47
KP oo 27 DriverMaximumRMSCurrent ..............cccccccoeeeveeenncenn. 47
MotionDoneMode...............cc.ccccoeuvvciavciaiiaiiaianiannnn 29 DriverMotorInductance.................cccccoccooevceenccanncnn. 47
NotchBandWidthl ...............cccccovevciavciaiiaieaiaanennn 29 DriverMotorResiSIANCe. ..............ccccecveeeeeeeaencne 47
NotchBandWidth2...............cccocvvvemiianciaiiaieaieeeenn 29 DriverRMSIntegrationTime................c..ccovuevvenenn.. 47
NotchFrequencyl ............ccccccovoiieenoianciaiiieseeeenn 29 DriverThermistanceThreshold.....................cc........... 49
NotchFrequency?2............ccccoceveeieeneianciaeieeseeen 29 XPS-DRVO3 ..o 49,5254
NOIChGAINI ...t 29 DriverCurrentCutOffFrequency........................... 50,53
NOtChGAIN2 ...t 29 DriverGearRatio. ............ccocceeviienciiiiiaiiiiiceeen, 50
PlusEndOfRunHomeSearch ...............cccccooceeovicnncennnnnen. 74 DriverMaximumMotorVoltage ............................. 51,54
HomeSearchMaximumAcceleration...................... 74,75 DriverMaximumPeakCurrent.......................coceeue.... 53
HomeSearchMaximumVelocity.................ccceeeven... 74 DriverMaximumRMSCurrent .......................... 50,53,55
HomeSearchTimeQut...............cueeeeeeeeeeeeeeeeennnns 74,75 DriverMotorInductance................ccccccovvveeeeeeei.... 49,53
PulSeDIir ... 40 DriverMotorResistance....................ccccccceeeeeee.... 49,52
DigitalStepperDirectionLogicC...............ccccovueevveann... 40 DriverMotorVoltageConstant...............cc.cccoeeevevenen. 49
DigitalStepperPulseLogic............c..ccccuvveeeveeennaannnn. 40 DriverRMSIntegrationTime...............cccc....... 50,53,55
DisplacementPerFullStep ............cccccocuvvvveveeeennnannn.n 40 DriverStagelnertiau...............cccoceveeevceioceioeienen, 50
MicroStepsPerFullStep..............cccocoveievciiciiianennn. 41 DriverTachoGeneratorVoltage..................ccccooenn... 49
PulSePUISe ... 41 DriverVelocityCutOffFrequency..............c...ccccoou..... 50
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Service Form

Your Local Representative

Tel.:

Fax:

Name: Return authorization #:
(Please obtain prior to return of item)

Company:
Address: Date:
Country: Phone Number:
P.O. Number: Fax Number:
Item(s) Being Returned:
Model#: Serial #:
Description:
Reasons of return of goods (please list any specific problems):
QD Newport.
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www.newport.com

North America & Asia
Newport Corporation
1791 Deere Ave.
Irvine, CA 92606, USA

Sales
Tel.: (800) 222-6440
e-mail: sales@newport.com

Technical Support
Tel.: (800) 222-6440
e-mail: tech@newport.com

Service, RMAs & Returns
Tel.: (800) 222-6440
e-mail: service@newport.com

Europe

MICRO-CONTROLE Spectra-Physics S.A.S
9, rue du Bois Sauvage

91055 Evry CEDEX

France

Sales
Tel.: +33 (0)1.60.91.68.68
e-mail: france@newport.com

Technical Support
e-mail: tech_europe@newport.com

Service & Returns
Tel.: +33 (0)2.38.40.51.55
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